loj^ 10/506 438 

DT05 Rec'd PCT/PTO 0 2 SSR20M 



1 

DESCRIPTION 

HONEY COMB FILTER FOR PURIFYING E XHAUST GASES , AND 

~ — • a - 

EXHAUST GAS PURIFYING DEV ICE „. 

CROSS REFERENCE TO RELATED APPLICATION 
This application claims benefit of priority to Japanese 
Patent Application No. 2002-57887, filed on March 4, 2002, the 
contents of which are incorporated by reference herein. 

TECHNICAL FIELD 
The present invention relates to a honeycomb filter for 
purifying exhaust gases that is used as a filter for removing 
particulates and the like contained in exhaust gases discharged 
from an internal combustion engine such as a diesel engine or 
the like, and an exhaust gas purifying device using the honeycomb 
filter for purifying exhaust gase?. 

BACKGROUND ART 

In recent years, PMs (particulate matters , hereinafter, 
referred to as particulates) contained in exhaust gases 
discharged from inner combustion engines of vehicles such as 
buses, trucks or the like and construction machines and the like 
have raised serious problems since those particulates are harmful 
to the environment and the human body. 

There have been proposed various ceramic filters which 
allow exhaust gases to pass through porous ceramics and collect 
particulates in the exhaust gases to purify the exhaust gases. 

Conventionally, with respect to the ceramic filter of this 
type, there have been proposed honeycomb filters which have a 
structure in that a number of through holes are placed in parallel 
with one another in one direction and wall portion that separate 
the through holes from each other are allowed to function as 
filters. In other words, each of the through holes formed in 
the ceramic filter is sealed with a plug at either of ends of 



its exhaust gas inlet side and outlet side so that exhaust gases 
that have entered one through hole are discharged from another 
through hole after having always passed through each wall portion 
that separates the through holes . 

An exhaust gas purifying device has a structure in that 
the honeycomb filter having the above-mentioned arrangement is 
provided in an exhaust gas passage of an internal combustion 
engine, and when particulates in exhaust gases discharged from 
the internal combustion engine are made to pass through the 
honeycomb filter, the particulates are captured by the wall 
portion so that the exhaust gases are purified. 

As such a purifying process for exhaust gases progresses, 
particulates are gradually accumulated on the partition wall 
that separates the through holes of the ceramic filter to cause 
clogging and the subsequent interruption in gas permeability. 
For this reason, the above-mentioned ceramic filter needs to 
be subjected to a regenerating process regularly by allowing 
gases heated by a heating means such as a heater or the like 
to flow through the through hole so as to burn and remove the 
particulates that cause the clogging. 

In such a regenerating process of the conventional 
honeycomb filter, however, it is difficult to completely burn 
and remove particulates accumulated on the partition wall, and 
the regenerating process of the honeycomb filter causes residual 
ash components (ashes) derived from metal components of the 
particulates on the partition wall. Normally, these ashes 
remain over the almost entire face of the wall portion in an 
even state, and the conventional honeycomb filter causes a 
difficulty in separating the ashes from the wall portion, and 
can hardly move the ashes inside the through hole by using gases 
that enter the through hole in the regenerating process of the 
honeycomb filter (see Figs. 9(a) to 9(c)). 

Here, Fig. 9(a) is a cross-sectional photograph that shows 
a cross-section of such a honeycomb filter taken in parallel 
with the length direction, Fig. 9(b) shows partially enlarged 



cross-sectional photographs that show cross-sections of the 
honeycomb filter of Fig. 9(a) in the vicinity of the exhaust 
gas inlet side, the center portion and the exhaust gas outlet 
side, and Fig. 9(c) shows partially enlarged cross-sectional 
photographs perpendicular to the length direction in the vicinity 
of the exhaust gas inlet side, the center portion and the exhaust 
gas outlet side of the honeycomb filter. In the above-mentioned 
honeycomb filter, it is confirmed that white ashes remain over 
the almost entire face of the partition wall. 

For this reason, in the case where particulate collecting 
process is carried out by using the exhaust gas purifying device 
using the conventional honeycomb filter, since the regenerating 
efficiency is low in the honeycomb filter regenerating process, 
the pressure loss is quickly increased to cause necessity of 
frequent regenerating processes of the honeycomb filter. 

When the collecting process and regenerating process of 
particulates are repeatedly carried out, the amount of ashes 
remaining in an even state over the almost entire face of the 
partition wall of the honeycomb filter quickly increases to cause 
clogging in the partition wall due to the ashes. In this case, 
since the initial pressure loss after the regenerating process 
of the honeycomb filter due to the residual ashes becomes high, 
it becomes necessary to frequently carry out washing processes 
for removing the ashes. 

In the washing processes for removing the ashes , normally, 
the above-mentioned honeycomb filter needs to be detached from 
the exhaust gas purifying device provided in the exhaust gas 
passage in the internal combustion engine, and subjected to a 
washing process with water, a chemical treatment and the like; 
therefore, it is not possible to continuously use the. 
conventional exhaust gas purifying device for a long time. 

SUMMARY OF THE INVENTION 
The present invention has been devised so as to solve the 
above-mentioned problems, and its object is to provide a 



honeycomb filter for purifying exhaust gases that can almost 
completely burn and remove particulates accumulated on the wall 
portion in a honeycomb filter regenerating process , and allows 
residual ashes on the wall portion to easily move inside the 
through hole after the regenerating process because the ashes 
can be easily separated from the wall portion, and an exhaust 
gas purifying device in which the honeycomb filter is less 
susceptible to a high initial pressure loss even after repetitive 
regenerating processes of the honeycomb filter, and can be 
continuously used for a long time. 

A honeycomb filter for purifying exhaust gases , according 
to a first aspect of the present invention, has a structure in 
which: a columnar body made of porous ceramic comprises a number 
of through holes that are placed in parallel with one another 
in the length direction with wall portion interposed 
therebetween; and a part or all of the above-mentioned wall 
portion which separates the above-mentioned through holes 
functions as a filter for collecting particulates wherein a 
length 1 (mm) of the longest side in a cross section perpendicular 
to the above-mentioned length direction of the above-mentioned 
through hole and a length L (mm) in the length direction of the 
above-mentioned columnar body satisfy the following 
relationship: 60 <L/1 < 500 , and a surf ace roughness Ra (according 
to JIS B 0601) of the inner wall of the above-mentioned through 
hole satisfies the following relationship: Ra < 100 pm. 

A honeycomb filter for purifying exhaust gases , according 
to a second aspect of the present invention, has a structure 
in which: a columnar body made of porous ceramic comprises a 
number of through holes that are placed in parallel with one 
another in the length direction with wall portion interposed 
therebetween; and a part or all of the above-mentioned wall 
portion which separates the above-mentioned through holes 
functions as a filter for collecting particulates, wherein an 
area S (mm 2 ) of the cross section perpendicular to the length 
direction of the above-mentioned through hole and the length 
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L (mm) in the length direction of the above-mentioned columnar 
body satisfy the following relationship: 20 < L/S < 400, and 
a surface roughness Ra (according to JIS B 0601) of the inner 
wall of the through hole satisfies the following relationship: 
Ra < 100 |Jm. 

Moreover, an exhaust gas purifying device according to 
the present invention comprises : a casing connected to an exhaust 
gas passage of an internal combustion engine; and the honeycomb 
filter for purifying exhaust gases according to the present 
invention and heating means, which are equipped inside the 
above-mentioned casing , wherein upon carrying out a regenerating 
process for the honeycomb filter for purifying exhaust gases, 
gases heated by the heating means are flown into the honeycomb 
filter for purifying exhaust gases under conditions that a 
15 flow-in rate is 0.3 m/sec or more and an oxygen concentration 
is 6% or more. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 (a) is a perspective view that schematically shows 
one example of a honeycomb filter for purifying exhaust gases 
of the present invention, and Fig. 1(b) is a cross-sectional 
view taken along line A-A of Fig. 1(a) 

Fig. 2 is a perspective view that schematically shows 
another example of the honeycomb filter of the present invention . 
25 Fi 9- 3 < a ) is a perspective view that schematically shows 

a porous ceramic member used in the honeycomb filter of the present 
invention shown in Fig. 2, and Fig. 3(b) is a cross-sectional 
view taken along line B-B of Fig. 3(a) . 

Fig. 4 is a cross-sectional view that schematically shows 
one example of an exhaust gas purifying device of the present 
invention . 

Fig. 5 is a plan view that schematically shows one example 
of a holding seal member used in the exhaust gas purifying device 
of the present invention. 
35 Fi< 3- 6 < a > is a perspective view that schematically shows 
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one example of a casing used in the exhaust gas purifying device 
of the present invention, and Fig. 6(b) is a perspective view 
that schematically shows an example of another casing. 

Fig. 7 is a cross-sectional view that schematically shows 
a state where the honeycomb filter shown in Fig . 3 is manufactured . 

Fig. 8(a) is a cross-sectional photograph taken by cutting 
a porous ceramic member of a honeycomb filter relating to Example 
1 in the direction parallel to the length direction thereof, 
and Fig. 8(b) shows partially enlarged photographs on the exhaust 
gas inlet side, in the center portion and on the exhaust gas 
outlet side of the cross-sectional photographs taken by cutting 
a porous ceramic member of a honeycomb filter relating to Example 
1 in a direction perpendicular to the length direction of the 
porous ceramic member. 

Fig. 9(a) is a cross-sectional photograph taken by cutting 
a porous ceramic member of a honeycomb filter relating to 
Comparative Example 1 in the direction parallel to the length 
direction thereof, Fig. 9(b) shows partially enlarged 
photographs on the exhaust gas inlet side, in the center portion 
and on the exhaust gas outlet side of the cross-sectional 
photographs shown in Fig. 9(a), and Fig. 9(c) shows 
cross-sectional photographs on the exhaust gas inlet side, in 
the center portion and on the exhaust gas outlet side, taken 
by cutting a porous ceramic member of a honeycomb filter relating 
to Comparative Example 1 in a direction perpendicular to the 
length direction thereof. 

Fig. 10 is a graph that shows a relationship between the 
number of regenerating processes and the initial pressure loss 
of a honeycomb filter relating to each of Example 17 and 
Comparative Example 12. 

EXPLANATION OF SYMBOLS 
honeycomb filter for purifying exhaust gases 
through hole 
plug 
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wall portion 


24 


adhesive layer 


25 


ceramic block 


26 


sealing material layer 


30 


porous ceramic member 


33 


partition wall 



DETAILED DISCLOSURE OF THE INVENTION 
Referring to the drawings , the following description will 

explain honeycomb filters for purifying exhaust gases according 

to the first and second aspects of the present invention and 

an exhaust gas purifying device of the present invention. 

First, the honeycomb filters for purifying exhaust gases 

according to the first and second aspects of the present invention 

will be described. 

The honeycomb filter for purifying exhaust gases according 

to the first aspect of the present invention has a structure 

in which: 

a columnar body made of porous ceramic comprises a number 
of through holes that are placed in parallel with one another 
in the length direction with wall portion interposed 
therebetween; and 

a part or all of the above-mentioned wall portion which 
separates the above-mentioned through holes functions as a filter 
for collecting particulates 

wherein 

a length 1 (mm) of the longest side in a cross section 
perpendicular to the above-mentioned length direction of the 
above-mentioned through hole and a length L (mm) in the length 
direction of the above-mentioned columnar body satisfy the 
following relationship: 60 < L/l < 500, 

and 

a surface roughness Ra (according to JIS B 0601) of the 
inner wall of the above-mentioned through hole satisfies the 
following relationship: Ra < 100 ym. 
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The honeycomb filter for purifying exhaust gases according 
to the second aspect of the present invention has a structure 
in which: 

a columnar body made of porous ceramic comprises a number 
of through holes that are placed in parallel with one another 
in the length direction with wall portion interposed 
therebetween; and 

a part or all of the above-mentioned wall portion which 
separates the above-mentioned through holes functions as a filter 
for collecting particulates, 

wherein 

an area S (mm 2 ) of the cross section perpendicular to the 

length direction of the above-mentioned through hole and the 

length L (mm) in the length direction of the above-mentioned 

columnar body satisfy the following relationship: 20 < L/S < 
400, and 

a surface roughness Ra (according to JIS B 0601) of the 
inner wall of the through hole satisfies the following 
relationship: Ra < 100 Jim. 

In other words , the honeycomb filter for purifying exhaust 
gases according to the second aspect of the present invention 
has the same structure as that of the honeycomb filter for 
purifying exhaust gases according to the first aspect of the 
present invention except that, instead of satisfying the 
relational expression 60 < L/l < 500 , it satisfies the relational 
expression 20 < L/S < 400. Depending on the shape of the cross 
section perpendicular to the length direction of the through 
hole , the honeycomb filter for purifying exhaust gases according 
to the first aspect of the present invention is identical to 
the honeycomb filter for purifying exhaust gases according to 
the second aspect of the present invention. 

Therefore, the following description will simultaneously 
explain the honeycomb filter for purifying exhaust gases 
according to the first aspect of the present invention together 
with the honeycomb filter for purifying exhaust gases according 



to the second aspect of the present invention as the honeycomb 
filter for purifying exhaust gases of the present invention, 
with different portions being respectively explained. 

Fig. 1(a) is a perspective view that schematically shows 
one example of a honeycomb filter for purifying exhaust gases 
according to the present invention (hereinafter, simply referred 
to as honeycomb filter of the present invention) , and Fig. 1 (b) 
is a cross-sectional view taken along line A-A of the honeycomb 
filter shown in Fig. 1(a). 

As shown in Fig. 1 (a) , a honeycomb filter for purifying 
exhaust gases 10 of the present invention has a structure in 
that a columnar body made of porous ceramic comprises a number 
of through holes 11 that are placed in parallel with one another 
in the length direction with wall portion 13 interposed 
therebetween; and a part or all of the above-mentioned wall 
portion 13 which separates the above-mentioned through holes 
functions as a filter for collecting particulates. 

In other words, as shown in Fig. 1 (b) , each of the through 
holes 11 formed in the porous ceramic member 10 has either of 
its ends on the inlet side and outlet side of exhaust gases sealed 
with a plug 12; thus, exhaust gases that have entered one of 
the through holes 11 are designed to flow out of another through 
hole 11 after always passing through the. wall portion 13 that 
separates the corresponding through holes 11. 

Consequently, particulates contained in the exhaust gases 
that have entered the honeycomb filter 10 are captured by the 
wall portion 13 when passing through the wall portion 13 so that 
the exhaust gases are purified. 

The honeycomb filter 10 of the present invention is 
designed so that a length 1 (mm) of the longest side in a cross 
section perpendicular to the length direction of the through 
hole 11 and a length L (mm) in the length direction of the honeycomb 
filter 10 (columnar body) satisfy the following relationship: 
60 < L/l < 500, or is alternatively designed so that an area 
S (mm 2 ) of the cross section perpendicular to the length direction 
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of the through hole 1 1 and the length L (mm) in the length direction 
of the honeycomb filter 10 (columnar body ) satisfy the following 
relationship: 20 < L/S < 400. 

In the honeycomb filter 10 of the present invention, all 
the through holes 11 preferably satisfy the relational expression, 
60 < L/l < 500, or the relational expression, 20 < L/S < 400; 
however, in the case where the value of L/l or the value of L/S 
is different for each of the through holes, the average value 
thereof may satisfy the relational expression, 60 < L/l < 500, 
or the relational expression, 20 < L/S < 400. 

In particular, the above-mentioned relationship is 
desirably satisfied on the exhaust gas inlet side. 

By setting the above-mentioned value L/l or L/S in such 
a range in the regenerating process of the honeycomb filter 10, 
gases heated to high temperatures by a heating means (not shown) 
are flown to the end on the exhaust gas outlet side as a laminar 
flow inside the through hole 11; therefore, since the 
particulates deposited on the wall portion 13 are successively 
burned from the exhaust gas inlet side so that the particulates 
can be almost completely burned and removed. 

When the above-mentioned L/l is less than 60, or when the 
above-mentioned L/S is less than 20 , the length (1) of the longest 
side on the cross-section perpendicular to the length direction 
of the through hole 11 becomes too long, or the area (S) on the 
cross-section perpendicular to the length direction of the 
through hole 11 becomes too large, or the length (L) in the length 
direction of the honeycomb filter 10 becomes too short. In the 
case where the length (1) of the longest side on the cross-section 
perpendicular to the length direction of the through hole 11 
becomes too long or when the area (S) on the cross-section 
perpendicular to the length direction of the through hole 11 
becomes too large, the through hole 11 in the honeycomb filter 
10 becomes large, failing to form gases flowing inside the through 
hole 11 into a laminar flow in the regenerating process of the 
honeycomb filter 10 . Consequently, in the regenerating process 
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of the honeycomb filter 10, it is not possible to successively 
burn the particulates deposited on the wall portion 13 from the 
exhaust gas inlet side; thus, ashes tend to remain in the way 
or particulates are not completely removed, resulting in 
degradation in the regenerating efficiency in the honeycomb 
filter and the subsequent necessity of frequent regenerating 
processes of the honeycomb filter 10. Moreover, in the case 
where the length (L) in the length direction of the honeycomb 
filter 10 becomes too short, since gases easily collide with 
the sealed portion (plug) on the other end of the honeycomb filter 
10, a turbulent flow is generated in the through hole. 
Consequently, since the burning process is started not from the 
inlet portion of the honeycomb filter 10, but from all portions 
inside thereof simultaneously, the resulting ashes are evenly 
deposited in the through hole as a whole, and not allowed to 
move toward the exhaust gas outlet side. Here, since the length 
of the wall portion 13 in the length direction is of course 
shortened (that is, the filteringareabecomes smaller) , clogging 
occurs quickly due to the particulates, resulting in the 
necessity of frequent regenerating processes of the honeycomb 
filter 10 and the subsequent increase in the fuel costs. 

In contrast, when the above-mentioned L/l exceeds 500, 
or when the above-mentioned L/S exceeds 400, the length (1) of 
the longest side on the cross-section perpendicular to the length 
direction of the through hole 11 becomes too short, or the area 
(S) on the cross-section perpendicular to the length direction 
of the through hole 11 becomes too small, or the length (L) in 
the length direction of the honeycomb filter 10 becomes too long. 
In the case where the length (1) of the longest side on the 
cross-section perpendicular to the length direction of the 
through hole 11 becomes too short, or when the area (S) on the 
cross-section perpendicular to the length direction of the 
through hole 11 becomes too small, it becomes, difficult for the 
exhaust gases to flow through the through hole 11, failing to 
evenly collect particulates ; consequently, the particulates are 
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deposited on the portion on the exhaust gas inlet side of the 
honeycomb filter 10 to cause bridging . In such a case, presumably, 
in the regenerating process of the honeycomb filter 10, burning 
of particulates occurs only on the exhaust gas inlet side, making 
it impossible for the ashes to move toward the exhaust gas outlet 
side, as well as causing cracks due to a thermal stress imposed 
on the honeycomb filter 10. 

Moreover, in the case where the length (L) in the length 
direction of the honeycomb filter 10 becomes too long, in the 
regenerating process of the honeycomb filter 10, since it is 
difficult for exhaust gases to flow through the through hole 
11, it becomes difficult to evenly collect particulates; 
consequently, the particulates are deposited on the portion on 
the exhaust gas inlet side of the honeycomb filter 10 to cause 
bridging. Furthermore, it is not possible to heat the exhaust 
gas outlet side of the honeycomb filter 10 to a high temperature, 
failing to burn and remove the particulates deposited on the 
wall portion 13 in the vicinity of the exhaust gas outlet side. 
Consequently , in the regeneratingprocess of the honeycomb filter 
10 , burning of the particulates occurs from the exhaust gas inlet 
side up to the center portion , resulting in cracks due to a thermal 
stress in the honeycomb filter 10. 

Here, the above-mentioned L/l is desirably set in a range 
of 100 < L/l < 300. This range makes it possible to burn and 
remove particulates deposited on the wall portion 13 more 
effectively . 

Moreover, in the honeycomb filter 10 of the present 
invention, the surface roughness Ra of the inner walls of the 
through hole 11 is set to Ra < 100 pm. This arrangement allows 
residual ashes on the wall portion 13 to be easily separated 
from the wall portion 13 through the above-mentioned regenerating 
process. Therefore, in the above-mentioned regenerating 
process, it becomes possible to easily move ashes deposited on 
the wall portion 13 by using high-temperature gases that are 
flown as a laminar flow, and consequently to prevent ashes from 
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remaining on the entire surface of the wall portion 13 in an 
even state. 

As described above, one of the conventional problems is 
that it is difficult to separate the residual ashes on the wall 
portion , and the reason for this has not been clarified; however, 
it is found through studies by the present inventors that by 
setting the surface roughness Ra of the inner walls of the through 
hole to Ra < 100 pm, the residual ashes on the wall portion can 
be easily separated. 

In the case of the surface roughness Ra of the inner walls 
of the through hole 11 exceeding 100 |im, it becomes difficult 
to separate the ashes deposited on the wall portion 13 from the 
wall portion 13 after the regenerating process of the honeycomb 
filter 10; thus, the above-mentioned regenerating process fails 
to move the ashes toward the exhaust gas outlet side of the through 
hole 11 by using high-temperature gases entered the inside of 
the through hole 11 . For this reason, the above-mentioned ashes 
are present over the entire wall portion 13; thus, when the 
regenerating process of the honeycomb filter 10 is carried out 
repeatedly, the initial pressure loss of the honeycomb filter 

10 becomes higher quickly, making it impossible to continuously 
use the filter for a long time. 

The upper limit of the surface roughness Ra of the inner 
walls of the through hole 11 is desirably set to- 50 |im, more 
desirably to 10 pm. Thus, in the regenerating process of the 
honeycomb filter 10, it becomes possible to separate the ashes 
deposited on the through hole 11 from the wall portion 13 more 
effectively by using the gases as a laminar flow that is flown 
into the through hole 11, and consequently to move the ashes 
through the through hole 11. 

The lower limit of the surface roughness Ra of the inner 
walls of the through hole 11 is desirably set to 1 . 0 urn. When 
the surface roughness Ra of the inner walls of the through hole 

11 is less than 1.0 |Jm, particulates are deposited to fill the 
gaps among particles of a porous ceramic material that forms 
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the inner walls of the through hole 11; thus, clogging tends 
to occur in the inner walls of the through hole 11 . Conseguently , 
since ashes are easily accumulated among the particles after 
the regenerating process, it becomes difficult to separate the 
ashes . In addition, the particulates , which have been captured 
in a manner so as to fill the gaps among the particles that 
constitute the inner walls of the through hole 11 , are aggregated 
and hardly allowed to react so that the regenerating process 
becomes difficult. When the surface roughness Ra of the inner 
walls of the through hole 11 is 1 . 0 pm or more , the exhaust gases 
are made to form various flows so that the particulates can be 
collected while preventing clogging in the inner walls of the 
through hole 11 ; thus, it becomes possible to prevent degradation 
in the reacting property in the regenerating process . Moreover , 
by allowing the exhaust gases to form various kinds of flows, 
the exhaust gases are made to flow in and out more vigorously, 
so that it becomes possible to separate the ashes from the inner 
walls of the through hole 11 more easily. 

The honeycomb filter 10 of the present invention is made 
from a porous ceramic material. With respect to the ceramic 
material, not particularly limited, examples thereof include: 
oxide ceramics such as cordierite, alumina, silica, mullite and 
the like; carbide ceramics such as silicon carbide, zirconium 
carbide, titanium carbide, tantalum carbide, tungsten carbide 
and the like; and nitride ceramics such as aluminum nitride, 
silicon nitride, boron nitride, titanium nitride and the like. 
Normally, oxide ceramics such as cordierite and the like are 
utilized. These materials make it possible to carry out the 
manufacturing process at low costs, have a comparatively small 
coefficient of thermal expansion and are less susceptible to 
oxidation during use. Further, silicon-containing ceramics 
made by blendingmetallic silicon in the above-mentioned ceramics , 
and ceramics bonded by silicon and silicate compound may be used. 

Moreover, although not particularly limited, the porosity 
of the honeycomb filter 10 of the present invention is desirably 
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set in a range from 40 to 80%. When the porosity is less than 
40%, the honeycomb filter 10 is more susceptible to clogging, 
while the porosity exceeding 80% causes degradation in the 
strength of the honeycomb filter 10; thus, it might be easily 
broken . 

Here , the above-mentioned porosity can be measured through 
known methods, such as a mercury press-in method, Archimedes 

method, ameasuringmethodusinga scanningelectronicmicroscope 
(SEM) , and the like. 

The average pore diameter of the honeycomb filter 10 is 
desirably set in a range from 5 to 100 Mm. The average pore 
diameter of less than 5 urn tends to cause clogging of particulates 
easily, in contrast, the average pore diameter exceeding 100 
Mm tends to cause particulates to pass through the pores; thus, 
the particulates cannot be collected, making the members unable 
to function as a filter. 

Moreover, as shown in Fig. 1(b) , in the honeycomb filter 
10, a number of through holes 11 used for allowing exhaust gases 
to flow are placed in paralled with one another in the length 
direction with wall portion 13 interposed therebetween , and each 
of the through holes 11 has either of its ends on the inlet side 
and outlet side sealed with a plug 12. 

With respect to the material to be used for forming the 
plug 12, not particularly limited, for example, the 
above-mentioned ceramic material is proposed. In particular, 
the same material as the ceramic material forming the honeycomb 
filter 10 isdesirablyused. Thus, it becomes possible to provide 
the same coefficient of thermal expansion, and consequently to 
prevent generation of cracks due to temperature changes during 
use and upon regenerating processes. 

With respect to the size of the honeycomb filter 10, not 
particularly limited, it is appropriately determined by taking 
the size of an exhaust gas passage of the internal combustion 
engine to be used and the like into consideration. 

Moreover, with respect to the shape thereof, not 
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particularly limited as long as it is a column shape , for example , 
any desired shape such as a cylinder shape, an elliptical column 
shape, a rectangular column shape and the like may be used. In 
general, as shown in Fig. 1, those having a cylinder shape are 
often used. 

Moreover , in the honeycomb filter of the present invention , 
a columnar body is desirably formed by combining a plurality 
of rectangular columnar porous ceramic members through adhesive 
layer, each of the above-mentioned columnar porous ceramicmember 
comprising a number of through holes that are placed in parallel 
with one another in the length direction with partition wall 
interposed therebetween. With this arrangement, since the 
columnar body is divided into a plurality of the porous ceramic 
members, it is possible to reduce a thermal stress exerted on 
the porous ceramic members during use, and consequently to make 
the honeycomb filter of the present invention superior in heat 
resistance. Moreover, by increasing or reducing the number of 
porous ceramic members, it is possible to freely adjust the size 
thereof . 

Fig. 2 is a perspective view that schematically shows 
another example of the honeycomb filter of the present invention , 
Fig. 3(a) is a perspective view that schematically shows one 
example of porous ceramic members that constitute the honeycomb 
filter shown in Fig. 2, and Fig. 3 (b) is a cross-sectional view 
taken along line B-B of Fig. 3(a) . 

As shown in Fig. 2 , in a honeycomb filter 20 of the present 
invention, a plurality of porous ceramic members 30 are combined 
with one another through adhesive layers 24 to form a ceramic 
block 25, and a sealing material layer 26 is formed on the 
circumference of the ceramic block 25. Moreover, as shown in 
Fig. 3, each of the porous ceramic members 30 has a structure 
in that a number of through holes 31 are placed in parallel with 
one another in the length direction so that partition wall 33 
that separate the through holes 31 from each other are allowed 
to function as filters. 
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In other words , as shown in Fig. 3 (b) , each of the through 
holes 31 formed in the porous ceramic member 30 has either of 
its ends on the inlet side and outlet side of exhaust gases sealed 
with a plug 32; thus, exhaust gases that have entered one of 
the through holes 31 are flown out of another through hole 31 
after having always passed through the wall portion 33 that 
separates the corresponding through holes 31.- 

Moreover, the sealing material layer 26 is placed so as 
to prevent exhaust gases from leaking through the circumference 
of each ceramic block 25 when the honeycomb filter 20 is provided 
in an exhaust passage of an internal combustion engine. 

Here , in Fig . 3 (b) , arrows indicate flows of exhaust gases . 
The honeycomb filter 20 having the above-mentioned 
structure is placed in the exhaust passage in an inner combustion 
engine so that particulates in the exhaust gases discharged from 
the internal combustion engine are captured by the partition 
wall 33 when passing through the honeycomb filter 20; thus, the 
exhaust gases are purified. 

Since the honeycomb filter 20 of this type has superior 
heat resistance and provides easy regenerating processes and 
the like, it has been applied to various large-size vehicles 
and vehicles with diesel engines . 

In the honeycomb filter 20 of the present invention having 
the above-mentioned structure, the length of the longest side 
of the through hole 31 of the porous ceramic member 30 corresponds 
to 1 in the above-mentioned honeycomb filter 10, the area of 
the through hole 31 of the porous ceramic member 30 corresponds 
to S in the above-mentioned honeycomb filter 10, and the length 
in the length direction of the porous ceramic member 30 
corresponds to L in the above-mentioned honeycomb filter 10. 
In the honeycomb filter 20 of the present invention also, the 
above-mentioned 1 and L satisfy the following relationship: 60 
< L/l < 500, or the above-mentioned S and L satisfy the following 
relationship: 20 < L/S < 400, and the surface roughness Ra 
(according to JIS B 0601) of the inner wall of the through hole 
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31 satisfies the following relationship: Ra < 100 |Jm. 

With respect to the material for the porous ceramic member 
30, not particularly limited, the same materials, as the 
above-mentioned ceramic materials may be used . In particular , 
silicon carbide, which has great heat resistance, superior 
mechanical properties and great thermal conductivity, is 
desirably used. 

With respect to the porosity and average pore diameter 
of the porous ceramic member 30, the same porosity and average 
pore diameter as those of the honeycomb filter 10 of the present 
invention explained by using Fig. l may be used. 

With respect to the particle size of ceramic particles 
to be used upon manufacturing the porous ceramic members 30, 
although not particularly limited, those which are less 
susceptible to shrinkage in the succeeding sintering process 
are desirably used, and for example, those particles, prepared 
by combining 100 parts by weight of particles having an average 
particle size from 0.3 to 50 pm with 5 to 65 parts by weight 
of particles having an average particle size from 0.1 to 1.0 
Mm, are desirably used. By mixing ceramic powders having the 
above-mentioned respective particle sizes at the 
above-mentioned blending ratio, it is possible to provide a 
porous ceramic member 30. 

With respect to the material forming the adhesive layer 
24, not particularly limited, for example, a material composed 
of an inorganic binder, an organic binder, inorganic fibers and 
inorganic particles may be used. 

With respect to the inorganic binder, for example, silica 
sol, alumina sol and the like may be used. Each of these may 
be used alone or two or more kinds of these may be used in 
combination. Among the inorganic binders, silica sol is more 
desirably used. 

With respect to the organic binder, examples thereof 
include polyvinyl alcohol, methyl cellulose, ethyl cellulose, 
carboxymethyl cellulose and the like . Each of these may be used 
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alone or two or more kinds of these may be used in combination. 
Among the organic binders, carboxymethyl cellulose is more 
desirably used. 

With respect to the inorganic fibers, examples thereof 
include ceramic fibers such as silica-alumina , mullite , alumina , 
silica and the like. Each of these may be used alone or two 
or more kinds of these may be used in combination. Among the 
inorganic fibers , silica-alumina fibers are more desirably used . 

With respect to the inorganic particles , examples thereof 
include carbides, nitrides and the like, and specific examples 
thereof include inorganic powder or whiskers made of silicon 
carbide, silicon nitride, boron nitride and the like. Each of 
these may be used alone, or two or more kinds of these may be 
used in combination. Among the inorganic fine particles, 
silicon carbide having superior thermal conductivity is 
desirably used. 

In the honeycomb filter 20 shown in Fig. 2, the ceramic 
block 25 is formed into a cylinder shape; however, not limited 
to the cylinder shape, the ceramic block of the honeycomb filter 
of the present invention may have any desired shape such as an 
elliptical column shape , a rectangular column shape and the like . 

Moreover, the sealing material layer 26 is formed on the 
circumference. of the ceramic block 2 5 so as to prevent exhaust 
gases from leaking through the circumference of each ceramic 
block 25 . With respect to the material of the sealing material 
layer 26, not particularly limited, for example, the same 
material as the above-mentioned adhesive layer 24 may be used. 

Not particularly limited, the thickness of the sealing 
material layer is desirably set in a range of 0.3 to 1.0 mm. 
The thickness of less than 0 . 3 mm tends to cause leak of exhaust 
gases from the circumference of the ceramic block 25, and, in 
contrast, the thickness exceeding 1 . 0 mm tends to cause 
degradation in economical efficiency, although it can 
sufficiently prevent leak of exhaust gases. 

Moreover, the honeycomb filter of the present invention 
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may have a catalyst capable of purifying CO, HC, NOx and the 
like in the exhaust gases. 

When such a catalyst is supported thereon, the honeycomb 
filter of the present invention is allowed to function as a filter 
capable of collecting particulates in exhaust gases, and also 
to function as a catalyst supporting member for purifying CO, 
HC, NOx and the like contained in exhaust gases. 

Furthermore, in the honeycomb filter of the present 
invention, by coating the inner walls of the through hole with 
a catalyst, it is possible to make ashes easily peeled off. 
Normally, compounds such as sulfides and phosphites contained 
in exhaust gases from fuel or the like react with the catalyst 
coat layer and the filter to form ashes and adhere thereto. 
However, it is assumed that the adhesion of metal such as the 
catalyst makes it possible to prevent the ashes from reacting 
with the catalyst coat layer and the filter. 

With respect to the catalyst, not particularly limited 
as long as it can purify CO, HC, NOx and the like in exhaust 
gases, examples thereof include noble metals such as platinum, 
palladium, rhodium and the like . In addition to the noble metal s , 
an element such as an alkali metal (Group 1 in Element Periodic 
Table) , an alkali earthmetal (Group 2 in Element Periodic Table) , 
a rare-earth element (Group 3 in Element Periodic Table) , or 
a transition metal element, may be added thereto. 

Moreover, upon applying the catalyst onto the honeycomb 
filter of the present invention, it is preferable to apply the 
catalyst, after the surf ace thereof has beenpreliminarily coated 
with a support member such as alumina or the like. This 
arrangement makes it possible to increase the specific surface 
area, to increase the degree of dispersion of the catalyst, and 
consequently to increase the reactive portion of the catalyst. 
Moreover, since the support member prevents sintering of the 
catalyst metal, the heat resistance of the catalyst can be 
improved. In addition, the pressure loss is also lowered. 

The honeycomb filter of the present invention in which 
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the above-mentioned catalyst is supported is allowed to function 
as a gas purifying device in the same manner as the conventionally 
known DPFs with catalyst (Diesel Particulate Filter) . 
Therefore, in the following description, the detailed 
description of the case where the honeycomb filter of the present 
invention also serves as a catalyst supporting member is omitted. 

As described above, in the honeycomb filter of the present 
invention, with respect to a cross section perpendicular to the 
length direction of the through hole, the length 1 (mm) of the 
longest side and the length L (mm) in the length direction of 
the honeycomb filter (columnar body) satisfy the following 
relationship: 60 < L/l £ 500, or the area S (mm 2 ) of the cross 
section perpendicular to the length direction of the through 
hole and the length L (mm) in the length direction of the honeycomb 
filter (columnar body) satisfy the following relationship: 20 
£ L/S < 400, and the surface roughness Ra (according to JIS B 
0601) of the inner wall of the through hole is set to 100 ym 
or less. 

Therefore , in the honeycomb filter of the present invention , 
during the regenerating process, gases heated to high 
temperatures by a heating means are flown through the inside 
of the through hole as a laminar flow; therefore, since the 
particulates deposited on the inner walls of the through hole 
are successively burned from the exhaust gas inlet side so that 
the particulates can be almost completely burned and removed. 

Moreover , in the honeycomb filter of the present invention , 
since the surface roughness Ra is set to 100 urn or less; thus, 
this arrangement allows residual ashes remaining on the wall 
portion after the regenerating process of the honeycomb filter 
to be easily separated from the wall portion. Therefore, in 
the above-mentioned regenerating process, it becomes possible 
to easily move the ashes inside the through hole by using 
high-temperature gases that are flown through the inside of the 
through hole as a laminar flow, and conseguently to prevent ashes 
from remaining on the entire surface of the wall portion in an 
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even state. 

The following description will explain an exhaust gas 
purifying device of the present invention. 

The exhaust gas purifying device comprises: 

a casing connected to an exhaust gas passage of an internal 
combustion engine; and 

the honeycomb filter for purifying exhaust of the present 
invention and heating means; which are equipped inside the 
above-mentioned casing, 

wherein 

upon carrying out a regenerating process for the honeycomb 
filter for purifying exhaust gases, gases heated by the heating 
means are flown into the honeycomb filter for purifying exhaust 
gases under conditions that a flow-in rate is 0.3 m/sec or more 
and an oxygen concentration is 6% or more. 

Fig. 4 is a cross-sectional view that schematically shows 
one example of an exhaust gas purifying device according to the 
present invention . 

As shown in Fig. 4, the exhaust gas purifying device 100 
of the present invention is mainly constituted by the 
above-mentioned honeycomb filter 2 0 of the present invention, 
a casing 130 that covers the circumference of the honeycomb filter 
20, a holding sealing material 120 placed between the honeycomb 
filter 20 and the casing 130, and a heating means 110 provided 
on the exhaust gas inlet side of the honeycomb filter 20, and 
an introduction pipe 140, coupled to an internal combustion 
engine such an engine, is connected to one end on the side to 
which exhaust gases of the casing 130 are introduced, and a 
discharging pipe 150, coupled to the outside, is connected to 
the other end of the casing 130. Here, in Fig. 4, arrows indicate 
flows of the exhaust gases. 

Here, in Fig. 4, the honeycomb filter 20 shown in Fig. 
2 is used; however, the honeycomb filter to be used in the exhaust 
gas purifying device of the present invention may be prepared 
as the honeycomb filter 10 shown in Fig. 1. 
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In the exhaust gas purifying device 100 of the present 
invention having the above-mentioned arrangement , exhaust gases , 
discharged from an internal combustion engine such as an engine 
or the like, are introduced into the casing 130 through the 
introduction pipe 140 , and allowed to pass through the partition 
wall 33 from the through hole 31 of the honeycomb filter 20 so 
that, after particulates therein have been collected through 
the partition wall 33, the resulting purified exhaust gases are 
discharged outside through the discharging pipe 150. 

In the exhaust gas purifying device 100 that carries out 
the above-mentioned exhaust gas pur if ying operation , when a large 
amount of particulates have accumulated on the partition wall 
33 of the honeycomb filter 20 to cause a high pressure loss, 
a regenerating process is carried out on the honeycomb filter 
20. 

In the above-mentioned regenerating process, exhaust 
gases, heated by the heating means 110 , are flown into the through 
holes 31 of the honeycomb filter 20 so that the honeycomb filter 
20 is heated and the particulates accumulated on the wall portion 
13 are completely burned and removed. 

With respect to the gases to be heated by the heating means 
110, for example, exhaust gases discharged from an internal 
combustion engine such as an engine or the like and air are listed . 

In the exhaust gas purifying device 100 of the present 
invention, upon carrying out the above-mentioned regenerating 
process, gases, heated by the heating means 110, are flown into 
the honeycomb filter 20 under conditions that a flow-in rate 
is 0.3 m/sec or more and an oxygen concentration is 6% or more. 

As described above, the honeycomb filter 20 of the present 
invention makes it possible to almost completely burn and remove 
particulates accumulated on the partition wall 33 through its 
regenerating process , and allows residual ashes on the partition 
wall 33 to easily come off after the regenerating process. In 
the exhaust gas purifying device 100 using the honeycomb filter 
20 of this type, since the high-temperature gases, heated by 
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the heating means 110 under the above-mentioned conditions, are 
flown into the honeycomb filter 20 under the above-mentioned 
conditions so that residual ashes , deposited on the almost entire 
surface of the partition wall 33 of the honeycomb filter 20, 
are allowed to move toward the exhaust gas outlet side of the 
through hole 31, and accumulated on this portion. 

As a result, hardly any ashes are present on portions of 
the partition wall 33 except for those portions on the exhaust 
gas outlet side so that it is possible to maintain the filtering 
area of the partition wall 33 as a wide area for a long time, 
and consequently to make the honeycomb filter 2 0 less susceptible 
to a high initial pressure loss even when the collecting process 
of particulates and the regenerating process in the honeycomb 
filter 20 are repeatedly carried out; thus, it becomes possible 
to use the honeycomb filter 20 continuously for a long time. 

In order to allow the above-mentioned gases to flow into 
the honeycomb filter 20 under the conditions that a flow-in rate 
is 0.3 m/sec or more and an oxygen concentration is 6% or more, 
in the case where exhaust gases are used as the above-mentioned 
gases, for example, a device capable of adjusting the flow rate 
of the exhaust gases and the oxygen concentration is attached 
to the mid-portion of the introduction pipe 140 or the vicinity 
of the end face on the inlet side of exhaust gases of the casing 
130 so that the exhaust gases, adjusted to the conditions that 
a flow-in rate is 0.3 m/sec or more and an oxygen concentration 
is 6% or more by the above-mentioned device, are flown into the 
honeycomb filter 20. 

Moreover, in the case where air is used as the 
above-mentioned gas, for example, a pump or the like is attached 
to the mid-portion of the introduction pipe 140 or the vicinity 
of the end on the inlet side of exhaust gases of the casing 130 
so that air, adjusted to the conditions that a flow-in rate is 
0.3 m/sec or more and an oxygen concentration is 6% or more by 
the pump, is flown into the honeycomb filter 20. 

The flow-in rate of the gas of less than 0.3 m/sec fails 
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to move the residual ashes deposited on the partition wall 33 
through the above-mentioned regenerating process to the exhaust 
gas outlet side of the through hole 31, and also fails to burn 
the particulates accumulated on the partition wall 33 on the 
exhaust gas outlet side in the above-mentioned regenerating 
process, resulting in an insufficient regenerating operation 
and the like. Moreover, the oxygen concentration in the gas 
of less than 6% causes a difficulty in burning the particulates 
accumulated on the partition wall 33. 

The heating means 110, which is provided so as to heat 
the gas to be made to flow into the through hole 31 to burn and 
remove the particulates deposited on the partition wall 33 in 
the regenerating process of the honeycomb filter 20 as described 
above, and with respect to the heatingmeans 110 , not particularly 
limited, for example, a device such as an electric heater, a 
burner or the like may be used. 

Moreover, as shown in Fig. 4, the exhaust gas purifying 
device of the present invention may have a system in which the 
honeycomb filter 20 is heated by the heating means 110 provided 
on the exhaust gas inlet side of the honeycomb filter 20, or 
a system in which an oxide catalyst is supported on the honeycomb 
filter, with hydrocarbon being flown into the honeycomb filter 
supporting the oxide catalyst, so that the honeycomb filter is 
heated, or a system in which an oxide catalyst is placed on the 
exhaust gas inlet side of the honeycomb filter so that , by allowing 
the oxide catalyst to generate heat by supplying hydrocarbon 
to the exhaust gas inlet side of the oxide catalyst, the honeycomb 
filter is heated. 

Since the reaction between the oxide catalyst and 
hydrocarbon is a heat generating reaction, the honeycomb filter 
can be regenerated in parallel with the exhaust gas purifying 
process, by utilizing a large amount of heat generated during 
the reaction. Here, even in this case, the gases to be flown 
into the honeycomb filter need to satisfy the conditions of a 
flow-in rate of 0 . 3 m/sec or more and an oxygen concentration 
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of 6% or more. 

With respect to the material for the holding sealing 
material 120, not particularly limited , examples thereof include 
inorganic fibers such as crystalline alumina fibers, 
alumina-silica fibers, silica fibers and the like, and fibers 
containing one or more kinds of these inorganic fibers and the 
like. 

Moreover, the holding sealing material 120 desirably 
contains alumina and/or silica. This structure makes it 
possible to provide superior heat resistance and durability in 
the holding sealing material 120. In particular, the holding 
sealing material 120 desirably contains not less than 50% by 
weight of alumina . This structure makes it possible to provide 
improved elasticity even under high temperatures in a range from 
900 to 950°C, and consequently to enhance the holding strength 
for the honeycomb filter 10. 

Furthermore, desirably, the holding sealing material 120 
is subjected to a needle punching process. This arrangement 
allows the fibers constituting the holding sealing material 120 
to entangle with one another to improve elasticity and enhance 
the holding strength for the honeycomb filter 20. 

With respect to the shape of the holding sealing material 
120, not particularly limited as long as it can be applied onto 
the circumference of the honeycomb filter 20, any desired shape 
may be used; and a shape as shown in Fig. 5 is desirably used. 

Fig . 5 is a plan view that schematically shows one example 
of the holding sealing material. 

As shown in Fig. 5, the holding sealing material 120 is 
constituted by a base portion 121 having a rectangular shape 
in its plan view, a convex portion 122 that is formed on one 
of short sides of the base portion 121, and a concave portion 
123 that is formed in the other short side of the base portion 
121 . 

With respect to the size of the holding sealing material 
120, not particularly limited, it is appropriately adjusted in 
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accordance with the size of the honeycomb filter 20 , and desirably, 
the length of the long side of the base portion 121 is set to 
the same as the length of the circumference of the honeycomb 
filter 20. This arrangement is made so as not to form a gap 
between the circumference of the honeycomb filter 20 and the 
holding sealing material 120 covering the circumference thereof . 

Moreover, the length of the short side of the base portion 

121 is desirably set to almost the same length as the entire 
length of the honeycomb filter 20. This arrangement allows the 
honeycomb filter 20 to have superior holding stability. 

Furthermore , the sizes and positions of the convex portion 

122 and the concave portion 123 are desirably arranged so that 
these are just fitted to each other, with the holding sealing 
material 120 being applied onto the circumference of the 
honeycomb filter 20. 

By forming the holding sealing material 120 into the 
above-mentioned shape, the outer-diameter tolerance of the 
honeycomb filter 20 and the difference caused by winding 
processes of the holding sealing material 120 can be properly 
adjusted, and it is also possible to prevent deviations in the 
holding sealing material 120 placed on the circumference of the 
honeycomb filter 20. 

Here, with respect to the shape of the holding sealing 
material in the exhaust gas purifying device in the present 
invention, not particularly limited to the shape of the holding 
sealing material 120 shown in Fig. 5, for example, any desired 
shape, such as a plate shape in the plan view and a shape in 
which a plurality of convex portions and a plurality of concave 
portions are formed on the two ends of the base portion having 
a rectangular shape in the plan view, may be used. 

With respect to the material of the casing 130, not 
particularly limited, for example, stainless and the like may 
be used. 

Moreover, with respect to the shape of the casing, not 
particularly limited, a cylinder shape as shown by a casing 41 
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of Fig. 6 (a) may be used, or a two-division shell shape in which 
a cylinder is divided into two portions in its axis direction 
as shown by a casing 42 of Fig. 6(b) may be used. 

The size of the casing 130 is appropriately adjusted so 
that the honeycomb filter 10 is placed therein through the holding 
sealing material 120. As shown in Fig. 4, the introduction pipe 
140 used for introducing exhaust gases is connected to one of 
the end faces of the casing 130, and the discharging pipe 150 
for discharging exhaust gases is connected to the other end face . 

As described above, in the exhaust gas purifying device 
of the present invention, the honeycomb filter of the present 
invention is used, and during the regenerating process for the 
honeycomb filter, gases heated by the heating means are flown 
into the honeycomb filter for purifying exhaust gases under 
conditions of a flow-in rate of 0.3 m/sec or more and an oxygen 
concentration of 6% or more. 

For this reason, when the regenerating process for the 
honeycomb filter is carried out by using the exhaust gas purifying 
device of the present invention, residual ashes deposited on 
the almost entire surface of the wall portion of the honeycomb 
filter are allowed to move toward the exhaust gas outlet side 
of the through hole, and accumulated on this portion. 

As a result, hardly any ashes are present on portions of 
the wall portion except for those portions on the exhaust gas 
outlet side so that it is possible to maintain the filtering 
area of the wall portion as a wide area for a long time, and 
consequently to make the honeycomb filter less susceptible to 
a high initial pressure loss even when collecting and 
regenerating processes of particulates in the honeycomb filter 
are repeatedly carried out; thus, it becomes possible to use 
the honeycomb filter continuously for a long time. 

Next, the following description will explain examples of 
a manufacturing method for the honeycomb filter of the present 
invention and a manufacturing method for the exhaust gas 
purifying device of the present invention. 
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First, the manufacturing method for the honeycomb filter 
of the present invention will be described. 

In the case where the honeycomb filter of the present 
invention has a structure formed by a single sintered body as 
a whole, as shown in Fig. 1, first, an extrusion-molding process 
is carried out by using a material paste mainly composed of 
ceramics as described earlier so that a ceramic formed body, 
which has a shape corresponding to the honeycomb filter 10 as 
shown in Fig. 1, is formed. 

In the above-mentioned extrusion-molding process, the 
material paste is continuously extruded through a metal die that 
is attached to the tip of the extrusion-molding machine and 
provided with a number of thin pores formed therein, and cut 
into a predetermined length so that the above-mentioned ceramic 
formed body is manufactured, and in order to manufacture the 
honeycomb filter of the present invention, the wall face of the 
thin pores formed in the die is subjected to a polishing process 
and the like so that the surface roughness Ra is adjusted to 
100 |im or less. 

The wall face of the thin pores of the above-mentioned 
die is a portion that directly contacts the material paste in 
the extrusion-molding process, and in the case where the wall 
face has a great surface roughness, the surface roughness of 
the inner wall of the opening that constitutes the through hole 
of a ceramic formed body to be manufactured becomes greater; 
thus, the surface roughness Ra of the inner wall of the through 
hole of the honeycomb filter of the present invention that is 
manufactured through post processes exceeds 100 |Jm. 

Here, alternatively, the viscosity of the material paste 
and the particle sizes and blending ratios of the respective 
materials are properly adjusted so that the surface roughness 
Ra of the inner wall of the through hole of the honeycomb filter 
to be manufactured may be adjusted to 100 |jm or less. 

Moreover, the length (L' (mm)) in the length direction 
of the ceramic formed body is determined in accordance with the 
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length (1' (mm) ) of the longest side (inner diameter from which 
the wall is excluded) of the opening that constitutes the through 
hole of the ceramic formed body or the area (S' (mm 2 )) of the 
opening, and, more specifically, L ' is adjusted so that the 
above-mentioned L' and 1' satisfy 60 < L'/l' < 500, or so that 
the above-mentioned L' and S' satisfy 20 < L'/S' < 400. 

In this manner, by properly adjusting the length L' in 
the length direction of the ceramic formed body, the honeycomb 
filter according to the first aspect of the present invention 
in which the length (1 (mm) ) of the longest side (inner diameter 
from which the wall is excluded) of the cross section 
perpendicular to the length direction of the through hole and 
the length L (mm) in the length direction of the honeycomb filter 
(columnar body) satisfy the relationship, 60 < L/l < 500, or 
the honeycomb filter according to the second aspect of the present 
invention in which the area (S (mm 2 )) of the cross section 
perpendicular to the length direction of the through hole and 
the length L (mm) in the length direction of the honeycomb filter 
(columnar body) satisfy the relationship, 20 < L/S < 400, can 
be manufactured. 

Next, the above-mentioned ceramic formed body is subj ected 
to degreasing and sintering processes under predetermined 
conditions so that a honeycomb filter, which is formed by porous 
ceramics and constituted by a single sintered body as a whole, 
is manufactured. 

With respect to the composition of the material paste and 
conditions of the degreasing and sintering processes of the 
ceramic formed body and the like, the conventionally-used 
conditions that are applied to the honeycomb filter made from 
porous ceramics may be used. 

Additionally, upon degreasing and sintering processes of 
the. ceramic formed body, by adjusting the flow-in rate of gases 
to be flown through the through hole of the ceramic formed body, 
the surface roughness Ra of the inner wall of the through hole 
of the honeycomb filter of the present invention can be adjusted, 
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and by increasing the flow-in rate of the gases, the surface 
roughness Ra of the inner wall of the through hole of the honeycomb 
filter of the present invention can be increased. 

In the case where the honeycomb filter of the present 
invention supports a catalyst, it is preferable to carry out 
a sintering process for the ceramic formed body while carrying 
out a reducing process by using hydrogen gas. Presumably, this 
arrangement makes it possible to modify the surface of the ceramic 
sintered body, to change the wettability and consequently to 
allow the catalyst to be easily applied. 

In the case where, the honeycomb filter of the present 
invention supports a catalyst, it is preferable to immerse the 
ceramic sintered body into hydrofluoric acid. Presumably, this 
arrangement makes it possible to modify the nature of the ceramic , 
to change the wettability and consequently to allow the catalyst 
to be easily applied. 

Next, in the case where a catalyst is supported on the 
honeycomb filter of the present invention, desirably, an alumina 
film is formed on the surface of the ceramic formed body that 
has been sintered and the catalyst is applied to the alumina 
film. 

More specifically, by carrying out the following processes 
(A) , (B) and (C) in this order, the alumina film, a promoter 
and a catalyst are applied thereto. 
(A) Alumina coating method 
(A-l) Solution impregnating process 

This solution-impregnating process is carried out so as 
to coat the alumina f ilmby impregnating the surface of the ceramic 
formed body that has been subjected to the sintering process 
with a solution of a metal compound containing aluminum through 
a sol-gel method. 

A metal inorganic compound and a metal organic compound 
may be used, with respect to the starting metal compound in the 
solution of the metal compound containing aluminum. 

With respect to the metal inorganic compound, examples 
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thereof include: A1(N0 3 ) 3 , A1C1 3 , A10C1, A1P0 4 , A1 2 (S0 4 ) 3/ A1 2 0 3 , 
Al (OH) 3 and Al . Among these, in particular, Al (N0 3 ) 3 and A1C1 3 , 
which are easily dissolved in a solvent such as alcohol, water 
or the like, and handled easily, are desirably used. 

With respect to the above-mentioned metal organic compound, 
examples thereof include: metallic alkoxide, metallic 
acetylacetonate andmetallic carboxylate Al . Specific examples 
thereof include Al(OCH 3 ) 3 , Al(OC 2 H 3 ) 3 and Al ( iso-OC 3 H 7 ) 3 . 

With respect to the solvent for the metal compound solution 
containing aluminum, at least one or more materials, selected 
from the group consisting of water, alcohol, diol, polyhydric 
alcohol, ethylene glycol, ethylene oxide, triethanol amine and 
xylene by taking the solubility of the metal compound into 
consideration, are mixed and used therein. 

Moreover, upon preparing the solution, hydrochloric acid, 
sulfuric acid, nitric acid, acetic acid, hydrofluoric acid or 
the like may be added as the solvent. 

Here, A1(N0 3 ) 3 is proposed as a desirable example of the 
metal compound, and this is dissolved in a solvent at a 
comparatively low temperature so that the material solution is 
easily prepared. Here, with respect to the desired solvent, 
1,3-butane diol is proposed. The first reason for using this 
material is because it has appropriate viscosity, and makes it 
possible to apply a gel film having an appropriate thickness 
in a gel state. The second reason for using this material is 
because the solvent forms metal alkoxide in the solution so that 
a metal oxide polymer made through bonds of oxygen-metal-oxygen , 
that is, a precursor of a metal oxide gel, is easily formed. 

The amount of A1(N0 3 ) 3 is desirably set in a range from 
10 to 50% by weight. The amount of less than 10% by weight fails 
to support the amount of alumina having a sufficient surface 
area capable of maintaining the activity of the catalyst for 
a long time; in contrast, the amount exceeding 50% by weight 
causes a great amount of heat generation during dissolution, 
making the solution easily to be gelled. 
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With respect to the temperature upon preparing the 
impregnating solution of the metal compound, it is desirably 
set in a range from 50 to 130°C. The temperature of less than 
50°C causes a low solubility in the solute, while the temperature 
exceeding 130°C causes an abrupt progress of the reaction to 
form gel, making it impossible to use as the coating solution. 

Upon preparing the impregnating solution of the metal 
compound, the stirring time is desirably set in a range from 
1 to 9 hours. This range makes it possible to stabilize the 
viscosity of the solution. 

In the solution impregnating process, desirably, the 
ceramic formed body that has been sintered is partially 
impregnated with the solution of the metal compound adjusted 
as described above so that the metal compound is fixed thereon, 
and for example, by allowing the sintered ceramic formed body 
to be impregnated to a target portion for supporting the catalyst , 
the supportingportionandthenon-supportingportionare formed. 
Then, the sequence proceeds to the next drying process. 
(A-2) Drying process 

In the drying process, volatile components such as N0 2 
and the like are evaporated and removed so that the solution 
is subjected to the gelation to be fixed on the ceramic particle 
surface, with the excessive solution being simultaneously 
removed; thus , the heatingprocess is carried out in a temperature 
range from 120 to 170°C for about 2 hours. When the heating 
temperature is lower than 12 0°C, it becomes difficult to evaporate 
the volatile components, while, when the heating temperature 

is higher than 170°C, the thickness of the gelled film becomes 
uneven . 

(A-3) Preliminary sintering process 

This preliminary sintering process is a process for 
carrying out a preliminary sintering operation so as to remove 
residual components to form an amorphous alumina film, and it 
is preferable to heat the formed body at a temperature in a range 
from 300°C to 500°C. When the temperature of the preliminary 
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sintering is lower than 300°C, it becomes difficult to remove 
the residual organic substances; in contrast, when the 
temperature is higher than 500°C, A1 2 0 3 is crystallized so that 
small-fiber protuberant boehmite can not be formed in the 
succeeding hydrothermal treatment. 
(A-4) Hydrothermal treatment 

In a hydrothermal treatment, the preliminarily sintered 
ceramic formed body is immersed in hot water so as to form an 
alumina film made from small-fiber protuberant boehmite. When 
such a hydrothermal treatment is carried out, particles on the 
surface of the amorphous alumina film are subjected to a 
peptization action immediately after the treatment , and released 
into the solution in a sol state, andboehmite particles generated 
through hydration are formed into small-fiber protrusions and 
condensed so that a stable state against peptization is formed. 

In other words , this hydrothermal treatment allows alumina 
particles individually adhering to the surface of each ceramic 
particle to form small fibers (needle-shaped particles) that 
stick out side by side to show a so-called hair transplantation 
structure, resulting in a roughened surface. Consequently, it 
becomes possible to form an alumina film having a high specific 
surface area. 

The temperature of the above-mentioned hydrothermal 
treatment is desirably set in a range from 50 to 100°C. When 
the temperature is lower than 50°C, the hydration does not 
progress in the amorphous alumina film, failing to form the 
small-fiber protuberant boehmite. In contrast, when the 
temperature is higher than 100°C, water is evaporated, making 
it difficult to maintain the process for a long time. The 
treatment time is desirably set to 1 hour or more . The treatment 
time shorter than one hour makes the hydration of amorphous 
alumina insufficient. 
(A-5) Main sintering process 

In this process, the boehmite generated by the hydration 
is subjected to dehydrated to form alumina crystal. The main 



35 



sintering process is desirably carried out at a temperature in 
a range from 500 to 1000°C for 5 to 20 hours . When the temperature 
of the main sintering is lower than 500°C, crystallization does 
not progress sufficiently; in contrast, when the temperature 
thereof is higher than 1000°C, the crystallization progresses 
excessively, resulting in a reduction in the surface area. 

Here, the processes of (A-3) and (A-4) may be omitted. 

With respect to another supporting method for the support 
material, the following method may be proposed. 

First, with respect to a preparation method for the 
solution, powder of the support material is finely crushed by 
using a mill or the like, and mixed with a solvent while being 
stirred to form a solution. 

More specifically, powder of an oxide such as alumina, 
titania , zirconia or the like is formed by using a sol-gel method 
or the like. In this case, such a material having a specific 
surface area as high as possible is desirably used so as to form 
a coat layer of a catalyst ; and the material having a high specific 
surface area value of 250 m 2 /g or more is desirably selected. 
Here, y-alumina, which has a high specific surface area, is 
desirably selected. Moreover, in order to accelerate the 
decomposing reaction of sulfur, titania is also desirably added 
thereto . 

To these powders, are added an inorganic binder, such as 
hydrated alumina, alumina sol, silica sol or the like, and about 
5 to 20% by weight of a solvent such as pure water , water, alcohol , 
diol, polyhydric alcohol, ethylene glycol, ethylene oxide, 
triethanol amine, xylene or the like, and the resulting mixture 
is crushed and stirred. At this time, the crushing process is 
carried out until the size of the oxide to be used as the support 
material has reached a level of 500 nm or less. This finely 
crushing process makes it possible to form an alumina film on 
each particle evenly. 

The sintered body is partially impregnated with a solution 
containing the above-mentioned powder of metal oxide as described 
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earlier. 

After having been dried through a heating process at 110 
to 2 00°C for about 2 hours, this is subjected to a main sintering 
process. The temperature of the main sintering process is 
desirably set to a temperature in a range from 500 to 1000°C, 
and the process is carried out for 1 to 20 hours. When the 
temperature of the main sintering process is lower than 500°C, 
crystallization does not progress sufficiently; in contrast, 
when the temperature exceeds 1000°C, the crystallization 
progresses excessively, resulting in a reduction in the surface 
area . Moreover , by measuring the weight before and after these 
processes, it is possible to calculate the support quantity. 
(B) Method for supporting promoter and NOx catalyst 
(B-l) Solution impregnating process 

This solution impregnating process is carried out so as 
to coat the surface of the sintered ceramic formed body with 
a film such as a rare-earth oxide film or the like, that is, 
a film containing alkali metal , alkali earth metal , a rare-earth 
element and a transition metal element, by impregnating the 
surface thereof with a solution of a metal compound containing 
a rare-earth element and the like through a sol-gel method. 

With respect to the cerium-containing compound solution 
among the metal compound solutions containing a rare-earth 
element and the like, for example, Ce(N0 3 ) 3 , CeCl 3 , Ce 2 (S0 4 ) 3 , 
Ce0 2 , Ce(OH) 3 and Ce 2 (C0 3 ) 3 may be used. 

With respect to the solvent of the mixed solution , at least 
one or more materials, selected from the group consisting of 
water, alcohol, diol , polyhydric alcohol, ethylene glycol, 
ethylene oxide, triethanol amine and xylene by taking the 
solubility of the metal compound into consideration, are mixed 
and used therein. 

Moreover , with respect to the catalyst used upon preparing 
the solution, hydrochloric acid, sulfuric acid, nitric acid, 
acetic acid, hydrofluoric acid or the like may be added. 

Further, in order to improve the heat resistance of the 
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alumina film, in addition to the rare-earth oxide, a single 
substance such as Li, K, Ca, Sr, Ba, La, Pr, Nd, Si, Zr and the 
like , and a compound thereof may be added to the startingmaterial . 

Here, Ce(N0 3 )3 is proposed as a desirable example of the 
metal compound, and this is dissolved in a solvent at a 
comparatively low temperature so that the material solution is 
easily prepared. Here, with respect to the desired solvent, 
ethylene glycol is proposed. The reason for the use of this 
material is because it has appropriate viscosity, and makes it 
possible to form a gel film having an appropriate thickness on 
the ceramic particle. 

The amount of Ce (N0 3 ) 3 is desirably set in a range from 
1 to 30% by weight. The amount of less than 1% by weight fails 
to promote soot oxidation; in contrast, the amount exceeding 
30% by weight causes particle growth of Ce0 2 after the sintering 
process. 

The blending ratio between A1(N0 3 ) 3 and Ce (N0 3 ) 3 is 
desirably set to 10 : 2. The reason for this ratio is because 
the degree, of dispersion of Ce0 2 particles after the sintering 
process is improved by making A1(N0 3 ) 3 richer. 

With respect to the temperature upon preparing the 
impregnating solution of the metal compound, it is desirably 
set in a range from 50 to 130°C. The temperature of less than 
50°C causes a low solubility in the solute, while the temperature 
exceeding 130°C causes an abrupt progress of the reaction to 
form an uneven solution , making it impossible to use the solution . 

Upon preparing the impregnating solution of the metal 
compound, the stirring time is desirably set in a range from 
1 to 9 hours. This range makes it possible to stabilize the 
viscosity of the solution. 

With respect to the cerium-containing metal compound 
Ce(N0 3 ) 3/ in addition to the above-mentioned example, the 
following method may be preferably used to obtain the 
above-mentioned composite oxide: for example, ZrO (N0 3 ) 2 and Zr0 2 
are used as zirconium sources in order to prepare a composite 
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oxide or a solid solution with zirconium, and by dissolving these 
materials in water and ethylene glycol to form a mixed solution, 
and after impregnating the sintered ceramic formed body with 
this mixed solution, the resultant is dried and sintered to form 
the cerium-containing metal compound thereon. 

In the solution-impregnating process, desirably, the 
ceramic formed body that has been sintered is- partially 
impregnated with the solution of the metal compound adjusted 
as described above so that the solution is fixed thereon, and 
for example, by allowing the sintered ceramic formed body to 
be impregnated to a target portion for supporting the catalyst, 
the supportingportion and the non-supportingportion are formed . 
Then, the sequence proceeds to the next drying process. 
(B-2) Drying process 

In the drying process, volatile components such as N0 2 
and the like are evaporated and removed so that the solution 
is dispersed to be fixed on the ceramic particle surface, with 
the excessive solution being simultaneously removed; thus, the 
heating process is carried out in a temperature range from 120 
to 170°C for about 2 hours. When the heating temperature is 
lower than 120°C, it becomes difficult to evaporate the volatile 
components, while, when the heating temperature is higher than 
170°C, the dispersion is unevenly made. 
(B-3) Sintering process 

This sintering process is a process for carrying out a 
sintering operation so as to remove residual components to 
deposit Ce0 2 on the alumina film, and it is preferable to heat 
the formed body at a temperature in a range from 500°C to 800°C 
for 1 to 2 hours. When the temperature of the preliminary 
sintering is lower than 500°C, it becomes difficult to remove 
the residual organic substances; in contrast, when the 
temperature is higher than 800°C, particle growth tends to occur . 
(C) Method for supporting catalyst (active component) 

The surface of the sintered ceramic formed body is coated 
with, for example, an alumina film containing a rare-earth oxide , 
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and an active component such as platinum or the like is supported 
on the alumina film . The amount of the active component supported 
thereon is determined in such a manner that the supporting body 
is immersed in the aqueous solution containing platinum and the 
like so as to absorb it by its water absorbing amount so that 
the surface thereof starts to slightly get wet. 

Here, the water absorbing amount that is held by the 
sintered ceramic formed body is determined as follows : Supposing 
that the water-absorption measured value of a dried sintered 
ceramic formed body is 22.46% by weight and that the weight of 
the sintered ceramic formed body is 110 g and the capacity thereof 
is 0 . 1631 , this sintered ceramic formed body is allowed to absorb 
24.7 g/1 of water. 

Here, with respect to the starting substance of platinum, 
for example, a nitric acid solution of dinitro diammine platinum 
( [Pt (NH 3 ) 2 (N0 2 ) 2 ] HN0 3 ) , platinum concentration : 4 . 53% by weight) 
is used. For example, in order to deposit 1.7 g/1 of platinum 
onto the entire sintered ceramic formed body, 1.7 (g/1) x 0.163 
(1) = 0 . 272 g of platinum is deposited the sintered ceramic formed 
body; therefore, the nitric acid solution of dinitro diammine 
platinum (platinum concentration: 4.53% by weight) is diluted 
by distilled water. In other words, the weight ratio X (%) of 
the nitric acid solution of dinitro diammine platinum (platinum 
concentration: 4.53% by weight) /distilled water is calculated 
through the expression, X = 0.272 (amount g of platinum) /24 . 7 
(water content g)/4.53 (platinum concentration: % by weight) , 
and found to be 24.8% by weight. 
(C-l) Solution impregnating process 

With respect to the aqueous solution of nitric acid 
solution of dinitro dianmine platinum prepared as described above , 
a desired amount to be deposited on the target sintered ceramic 
formed body is poured into a pallet. 

Then, in the case of the above-mentioned conditions, the 
concentration is set to 24.8% by weight, and the solution is 
held in this state for a predetermined period of time until the 
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solution has been entirely absorbed. Thus, platinum is 
dispersed and evenly fixed on the surface of the alumina 
supporting film that covers the sintered ceramic formed body. 
(C-2) Drying and sintering processes 

The sintered ceramic formed body that has been impregnated 
with the aqueous solution is dried through a heating process 
at 110°C for about 2 hours so that, after moisture hats been removed, 
this is subjected to a sintering process at about 500°C for one 
hour in a nitrogen atmosphere so that platinum is formed into 
metal . 

Here , in the present embodiment , with respect to the method 
for supporting the active component such as platinum or the like , 
a method for allowing platinum to be deposited through the water 
absorbing process is used; however, another method, such as an 
impregnating method in which the sintered ceramic formed body 
is fixed at a predetermined position in the solution to be 
impregnated for a predetermined period of time so as to be 
deposited up to the target position, an evaporation-to-dryness 
method, an equilibrium adsorption method, an incipient wetness 
method or a spraying method, may be used. 

After the above-mentioned processes , the support material , 
promoter, NOx absorption-type catalyst and catalyst are 
supported on the surface of the sintered ceramic formed body. 

In this case, with respect to the height of each of the 
materials (length along the exhaust gas flowing direction in 
the honeycomb filter) , although not particularly limited, the 
heights of all the other materials are desirably adjusted to 
the height at which the catalyst is supported. When all the 
heights of the support member, promoter, NOx absorption-type 
catalyst and catalyst are made coincident with one another, the 
regenerating effects are improvedbecause of synergistic effects , 
and when some of these are omitted at unnecessary portions, it 
becomes possible to reduce the pressure loss, and also to 
eliminate wasteful use of the materials to reduce costs. 

Moreover, in the case where the honeycomb filter of the 
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present invention has a structure in that, as shown in Fig. 2, 
a plurality of porous ceramic members are combined with one 
another through adhesive layers, first, an extrusion-molding 
process is carried out by using a material paste mainly composed 
of the above-mentioned ceramics so that a ceramic formed body, 
which has a shape corresponding to the porous ceramic member 
30 as shown in Fig. 3, is formed. 

Here, the extrusion-molding process is carried out under 
the same conditions as those in the extrusion-molding process 
of the honeycomb filter made of a single sintered body . However, 
the die to be used upon preparing the raw formed body is different 
from the die to be used upon forming the honeycomb filter made 
of a single sintered body in its shape and positions of the thin 
pores . 

Next, the above-mentioned ceramic formed body is subjected 
to degreasing and sintering processes under predetermined 
conditions so that a porous ceramic member having a structure 
in that a plurality of through holes are placed in paralled with 
one another in the length direction with partition wall 
interposed therebetween is manufactured. 

Additionally, upon degreasing and sintering processes of 
the ceramic formed body, by adjusting the flow-in rate of gases 
to be flown through the through hole of the formed body, the 
surface roughness Ra of the inner walls of the through hole of 
the honeycomb filter of the present invention can be adjusted, 
and by increasing the flow-in rate of the gases, the surface 
roughness Ra of the inner wall of the through hole of the honeycomb 
filter of the present invention can be increased. 

In the case where the honeycomb filter of the present 
invention supports a catalyst, it is preferable to carry out 
a sintering process for the ceramic formed body while carrying 
out. a reducing process by using hydrogen gas. Presumably, this 
arrangement makes it possible to modify the surface of the ceramic 
sintered body, to change the wettability and consequently to 
allow the catalyst to be easily applied. 
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In the case where the honeycomb filter of the present 
invention supports a catalyst, it is preferable to immerse the 
ceramic sintered body into hydrofluoric acid. Presumably, this 
arrangement makes it possible to modify the nature of the ceramic 
sintered body, to change the wettability and consequently to 
allow the catalyst to be easily applied. 

Next, in the case where a catalyst is supported on the 
honeycomb filter of the present invention, desirably, an alumina 
film is formed on the surface of the ceramic formed body that 
has been sintered and the catalyst is applied to the alumina 
film, in the same manner as the above-mentioned manufacturing 
processes of the honeycomb filter made of a single sintered body . 

Next, as shown in Fig. 7, porous ceramic members 30 are 
placed on a base 80 the upper portion of which is designed to 
have a V-shape in its cross-section so as to allow the porous 
ceramic members 30 to be stacked thereon in a tilted manner, 
and adhesive paste to form an adhesive layer 24 is then applied 
onto two side faces 30a and 30b facingupward with an even thickness 
to form a bonding layer 81; thereafter, a laminating process 
for forming another porous ceramic member 30 on this bonding 
layer 81 is successively repeated so that a rectangular columnar 
ceramic laminated body 30 having a predetermined size is 
manufactured. At this time, with respect to the porous ceramic 
members 30 corresponding to four corners of the ceramic laminated 
body, a triangular columnar porous ceramic member 30c, which 
is formed by cutting a quadrangular columnar porous ceramic 
member into two, is bonded to a resin member 82 having the same 
shape as the triangular columnar porous ceramic member 30c by 
using a both-sides tape with easy peelability to prepare a corner 
member, and these corner members are used for the four corners 
of the ceramic laminated body , and after the lamination processes 
of the porous ceramic members 30 , all the resin members 82 forming 
the four corners of the ceramic laminated body are removed; thus , 
a ceramic laminated body having a polygonal column-shape in its 
cross section may be formed. With this arrangement, it is 
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possible to reduce the quantity of a waste corresponding to porous 
ceramic members to be disposed of, after the formation of the 
ceramic block by cutting the peripheral portion of the ceramic 
laminated body. 

With respect to a method for manufacturing the ceramic 
laminated body having a polygonal column-shape in its cross 
section except for the method shown in Fig. 7, for example, a 
method in which the porous ceramic members to be located on four 
corners are omitted and a method in which porous ceramic members 
having a triangular shape are combined with one another may be 
used, in accordance with the shape of a honeycomb filter to be 
manufactured . Here , a quadrangular columnar ceramic member may 
of course be manufactured. 

Next, the laminated body of this porous ceramic member 
30 is heated so that the bonding layer 81 is dried and solidified 
to form an adhesive layer 24, and the peripheral portion of this 
is then cut into a shape as shown in Fig. 2 by using, for example, 
a diamond cutter so that a ceramic block 25 is manufactured. 

Then, a sealing material layer 26 is formed on the 
circumference of the ceramic block 25 so that a honeycomb filter 
having a structure in that a plurality of porous ceramic members 
are combined with one another through adhesive layers is 
manufactured. 

Here, with respect to the above-mentioned material paste, 
compositions of the adhesive and the sealing material paste, 
conditions for degreasing and sintering processes of the formed 
body, the same conditions and the like used upon manufacturing 
a conventional honeycomb filter having a structure in that a 
plurality of porous ceramic members are combined with one another 
through adhesive layers may be adopted. 

Each of the honeycomb filters manufactured as described 
above has a column shape, and has a structure in that a number 
of through holes are arranged in paralled with one another with 
partition wall interposed therebetween. 

In the case where the honeycomb filter has a structure 
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formed by a single sintered body as a whole as shown in Fig. 
1, the partition wall separating a number of through holes is 
allowed to function as particle-collecting filters as a whole; 
in contrast , in the case where the honeycomb filter has a structure 
in that a plurality of porous ceramic members are combined with 
one another through adhesive layers as shown in Fig. 2, since 
each of the wall portion separating the multiple through holes 
is constituted by a partition wall forming the porous ceramic 
member and an adhes ive layer used for combining the porous ceramic 
members, one portion thereof , that is, the partition wall portion 
that is not made in contact with the adhesive layer of the porous 
ceramic member is allowed to function as the particle-collecting 
filter. 

Next, the following description will explain a 
manufacturing method for the exhaust gas purifying device of 
the present invention. 

Upon manufacturing the exhaust gas purifying device of 
the present invention, first, a holding sealing material with 
which the circumference of the honeycomb filter of the present 
invention is coated is prepared. 

In order to form the holding sealing material , first, an 
inorganic mat-shaped matter (web) is formed by using inorganic 
fibers, such as crystalline alumina fibers, alumina-silica 
fibers, silica fibers and the like, and fibers and the like 
containing one or more kinds of these inorganic fibers. 

Here, with respect to the method for forming the 
above-mentioned inorganic mat-shaped matter, not particularly 
limited, for example, a method in which the above-mentioned 
fibers and the like are dispersed in a solution containing an 
adhesive so that, by utilizing a paper machine and the like for 
forming paper, an inorganic mat-shaped matter is formed is 
proposed. 

Moreover, the above-mentioned inorganic mat-shaped 
matter is desirably subj ected to a needle punchingprocess . This 
needle punching process allows the fibers to entangle with one 
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another so that it is possible to prepare a holding sealing 
material that has high elasticity and is superior in holding 
the honeycomb filter. 

Thereafter, the above-mentioned inorganic mat-shaped 
matter is subj ected to a cutting process so that a holding sealing 
material having a shape, for example, shown in Fig. 5, is formed. 

Next, the circumference of the honeycomb filter of the 
present invention is coated with the above-mentioned holding 
sealing material so that the holding sealing material is fixed 
thereon . 

With respect to the means for fixing the above-mentioned 
holding sealingmaterial, not particularly limited , for example, 
a means for bonding the holding sealing material by an adhesive 
or a means for tying it by using a string-shaped member may be 
used. Moreover, the sequence may proceed to the next process 
with the honeycomb filter being coated with the holding sealing 
material, without fixing it by using any specific means. Here, 
the above-mentioned string-shaped member may be made from a 
material to be decomposed through heat. Even if the 
string-shaped member is decomposed through heat after the 
honeycomb filter has been placed inside the casing, the holding 
sealingmaterial is free from peeling since the honeycomb filter 
has already been placed inside the casing. 

Next, the honeycomb filter that has been subjected to the 
above-mentioned processes is placed inside the casing. 

Here, since the material, shape, structure and the like 
of the above-mentioned casing have been described earlier, the 
description thereof is omitted. 

With respect to the method for installing the honeycomb 
filter in the casing, in the case where the casing is prepared 
as a cylinder-shaped casing 41 (Fig. 6(a)), for example, the 
following method is proposed: a honeycomb filter coated with 
the holding sealing material is pushed into one of its end faces , 
and after having been placed at a predetermined position, end 
faces to be connected to an introduction pipe, piping, a 
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discharging pipe and the like are formed on the two ends of the 
casing 41. Here, the casing 41 may have a cylinder shape with 
a bottom face. 

In this structure, in order to prevent the secured 
honeycomb filter from easily moving, factors, such as the 
thickness of the holding sealing material, the size of the 
honeycomb filter, the size of the honeycomb filter and the size 
of the casing 41, need to be adjusted to a degree in which the 
pushing process can be carried out with a considerably high 
pressing force being applied. 

Moreover, in the case where the casing is prepared as a 
two-division shell-shaped casing 42 (Fig. 6(b)), for example, 
the following method is proposed: after a honeycomb filter has 
been placed at a predetermined position inside a 
semi-cylinder-shaped lower shell 42b, a semi-cylinder-shaped 
upper shell 42a is placed on the lower shell 42b so that through 
holes 43a formed in an upper fixing portion 53 and through holes 
44a formed in a lower fixing portion 44 are made coincident with 
each other. Further, a bolt 45 is inserted through each of the 
through holes 43a and 44a and fastened with a nut or the like 
so that the upper shell 42a and the lower shell 42b are secured 
to each other . Then , end faces that have openings to be connected 
to an introduction pipe, piping, a discharging pipe and the like 
are formed on two ends of the casing 42. In this case also, 
in order to prevent the secured honeycomb filter from moving, 
the factors , such as the thickness of the holding sealingmaterial , 
the size of the honeycomb filter, the size of the honeycomb filter 
and the size of the casing 42, need to be adjusted. 

This two-division shell-shaped casing 42 makes it possible 
to carry out exchanging processes for the honeycomb filter placed 
inside thereof more easily in comparison with the cylinder-shaped 
casing 41. 

Next, a heating means, which is used for heating gases 
to be flown into the through holes in the honeycomb filter upon 
carrying out a regenerating process for the honeycomb filter 
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of the present invention, is installed therein. 

With respect to the heatingmeans , not particularly limited , 
for example, an electric heater, a burner or the like may be 
used . 

The above-mentioned heating means is normally placed in 
the vicinity of the end face on the exhaust gas inlet side of 
the honeycomb filter placed inside the casing.- 

Next, the casing in which the honeycomb filter of the 
present invention and the heating means are installed is 
connected to an exhaust gas passage of an internal combustion 
engine . 

More specifically, the end face of the casing on the side 
to which the heating means is attached is connected to the 
introduction pipe that is coupled to the internal combustion 
engine such as an engine, with the other end face being connected 
to the discharging pipe connected to the outside. 

Further, a pump or the like, which allows gases to be used 
for the regenerating process of the honeycomb filter to flow 
into the honeycomb filter, is placed in the mid-portion of the 
introduction pipe or in the vicinity of the exhaust gas inlet 
side of the casing. 

Upon carrying out the regeneratingprocess of the honeycomb 
filter, the pump or the like thus installed allows gases heated 
by the heating means to flow into the honeycomb filter under 
conditions of a flow-in rate of 0 . 3 m/sec or more and an oxygen 
concentration of 6% or more. 

Moreover, instead of installing the pump or the like, a 
device or the like capable of adjusting the flow-in rate and 
oxygen concentration of the exhaust gases discharged from an 
internal combustion engine such as an engine may be installed 
in the mid-portion of the introduction pipe or in the vicinity 
of the end face of the casing on the exhaust gas inlet side. 

By carrying out the above-mentioned processes , it becomes 
possible to positively manufacture the honeycomb filter and the 
exhaust gas purifying device of the present invention. 
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BEST MODE FOR CARRYING OUT THE INVENTION 
The following description will explain the present 
invention in detail by means of examples; however, the present 
invention is not intended to be limited by these examples. 

(Examples 1 and 2, and Comparative Example 1) • 

(1) Powder of cc-type silicon carbide having an average 
particle size of 5 Jim ( 60% by weight) and powder of p-type silicon 
carbide having an average particle size of 0 . 5 |Jm (40% by weight) 
were wet-mixed , and to 100 parts by weight of the resultingmixture 
were added and kneaded 5 parts by weight of an organic binder 
(methyl cellulose) and 10 parts by weight of water to obtain 
a material paste. Next, after a slight amount of a plasticizer 
and a lubricant had been added to the material paste and this 
had been further kneaded, the resulting material paste was 
extrusion-formed by using dies which have different values , that 
is, 100 urn, 50 urn and 120 Jim, in the surface roughness Ra of 
wall faces of thinpores directly made in contact with thematerial 
paste so that three kinds of raw formed bodies which have different 
values in the surface roughness of the inner walls of the openings 
that are formed in paralled with one another in the length 
direction were manufactured. 

Next, the above-mentioned raw formed bodies were dried 
by using a micro-wave drier, and predetermined through holes 
were then filled with a paste having the same composition as 
the raw formed body, and after these had been again dried by 
using a drier, this was degreased at 400°C , and sintered at 2200°C 
in a normal-pressure argon atmosphere for 3 hours to manufacture 
porous ceramic members, as shown in Fig. 3, each of which was 
made of a silicon carbide sintered body, and had a size of 34.4 
mm x 34.4 mm x 300 mm, the number of through holes of 144, a 
length of the longest side 1 of 2.39 mm, a length L in the length 
direction of 300 mm and a thickness of the wall portion of 0.44 
mm. 
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(2) Next, a number of the porous ceramic members were 
combined with one another by using a heat-resistant adhesive 
containing inorganic fibers such as ceramic fibers and the like 
and inorganic particles such as silicon carbide and the like, 
and then cut by using a diamond cutter; thus, a cylinder-shaped 
ceramic block having a diameter of 165 mm and a length of 300 
mm, as shown in Fig. 2, was obtained. 

Next, a sealing material layer was formed on the 
circumference of the ceramic block by using the heat resistant 
adhesive so that a cylinder-shaped honeycomb filter as shown 
in Fig. 2 was manufactured. 

According to JIS B 0601, values of the surface roughness 
Ra of the inner wall of the through hole of the honeycomb filters 
thus manufactured were respectively 100 pm (Example 1) , 50 |Jm 
(Example 2) and 12 0 pm (Comparative Example 1) , with L/l being 
set to 125.5. 

(Examples 3 and 4, and Comparative Example 2) 

(1) The same processes as those of Examples 1 and 2, and 
Comparative Example 1 were carried out except that, in (1) of 
Examples 1 and 2, and Comparative Example 1, the length L in 
the length direction of the porous ceramic member was set to 
500 mm to obtain a porous ceramic member. 

(2) The same processes as (2) of Examples 1 and 2, and 
Comparative Example 1 were carried out so that honeycomb filters 
in which values of the surface roughness Ra of the inner walls 
of the through hole were respectively 100 Jim (Example 3) , 50 
Mm (Example 4) and 120 pm (Comparative Example 2) , with L/l being 
set to 209.2, were manufactured. 

(Comparative Examples 3 to 5) 

(1) The same processes as those of Examples 1 and 2, and 
Comparative Example 1 were carried out in (1) of Examples 1 and 
2, and Comparative Example 1, except that the length L in the 
length direction of the porous ceramic member was set to 100 



50 



mm to obtain a porous ceramic member. 

(2) The same processes as (2) of Examples 1 and 2, and 
Comparative Example 1 were carried out so that honeycomb filters 
in which values of the surface roughness Ra of the inner walls 
of the through hole were respectively 100 |im (Comparative Example 
3) , 50 nm (Comparative Example 4) and 120 pm (Comparative Example 
5), with L/l being set to 41.8, were manufactured. 

(Examples 5 and 6, and Comparative Example 6) 

(1) The same processes as those of Examples 1 and 2, and 
Comparative Example 1 were carried out in (1) of Examples 1 and 
2, and Comparative Example 1, except that the porous ceramic 
member had a size of 34.42 mm x 34.42 mm x 100 mm, the number 
of through holes of 324, a length of the longest side 1 of 1.49 
and a length L in the length direction of 100 mm to manufacture 
a porous ceramic member. 

(2) The same processes as (2) of Examples 1 and 2, and 
Comparative Example 1 were carried out so that honeycomb filters 
in which values of the surface roughness Ra of the inner wall 
of the through hole were respectively 100 |im (Example 5) , 50 
Jim (Example 6) and 120 pm (Comparative Example 6) , with L/l being 
set to 67.1, were manufactured. 

(Examples 7 and 8, and Comparative Example 7) 

(1) The same processes as those of Examples 5 and 6, and 
Comparative Example 7 were carried out in (1) of Examples 5 and 
6, and Comparative Example 6, except that the length L in the 
length direction of the porous ceramic member was set to 300 
mm to manufacture a porous ceramic member. 

(2) The same processes as (2) of Examples 1 and 2, and 
Comparative Example 1 were carried out so that honeycomb filters 
in which values of the surface roughness Ra of the inner wall 
of the through hole were respectively 100 pm (Example 7) , 50 
|Jm (Example 8) and 120 pm (Comparative Example 7) , with L/l being 
set to 201.3, were manufactured. 
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(Examples 9 and 10, and Comparative Example 8) 

(1) The same processes as those of Examples 5 and 6, and 
Comparative Example 7 were carried out in (1) of Examples 5 and 
6, and Comparative Example 6, except that the length L in the 
length direction of the porous ceramic member was set to 500 
mm to manufacture a porous ceramic member. 

(2) The same processes as (2) of Examples 1 and 2, and 
Comparative Example 1 were carried out so that honeycomb filters 
in which values of the surface roughness Ra of the inner wall 
of the through hole were respectively 100 pm (Example 9) , 50 
|im (Example 10) and 120 pm (Comparative Example 8) , with L/l 
being set to 335.6 were manufactured. 

(Examples 11 and 12, and Comparative Example 9) 

(1) The same processes as those of Examples 1 and 2 and 
Comparative Example 1 were carried out in (1) of Examples 1 and 
2 and Comparative Example 1 except that the porous ceramic member 
had a size of 34 . 43 mm x 34 . 43 mm x 100 mm, the number of through 
holes of 484, a length of the longest side 1 of the through hole 
of 1.22 mm and a length L in the length direction of 100 mm to 
manufacture a porous ceramic member. 

(2) The same processes as (2) of Examples 1 and 2, and 
Comparative Example 1 were carried out so that honeycomb filters 
in which values of the surface roughness Ra of the inner wall 
of the through hole were respectively 100 |Jm (Example 11) , 50 
Mm (Example 12) and 120 pm (Comparative Example 9) , with L/l 
being set to 82.0 were manufactured. 

(Examples 13 and 14, and Comparative Example 10) 

(1) The same processes as those of Examples 11 and 12, 
and Comparative Example 9 were carried out in (1) of Examples 
11 and 12, and Comparative Example 9, except that the length 
L in the length direction of the porous ceramic member was set 
to 300 mm to manufacture a porous ceramic member. 
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(2) The same processes as (2) of Examples 1 and 2, and 
Comparative Example 1 were carried out so that honeycomb filters 
in which values of the surface roughness Ra of the inner wall 
of the through hole were respectively 100 urn (Example 13) , 50 
urn (Example 14) and 120 Mm (Comparative Example 10) , with L/l 
being set to 245.9, were manufactured. 

(Examples 15 and 16, and Comparative Example 11) 

(1) The same processes as those of Examples 11 and 12, 
and Comparative Example 9 were carried out in (1) of Examples 
11 and 12, and Comparative Example 9, except that the length 
L in the length direction of the porous ceramic member was set 
to 500 mm to manufacture a porous ceramic member. 

(2) The same processes as (2) of Examples 1 and 2, and 
Comparative Example 1 were carried out so that honeycomb filters 
in which values of the surface roughness Ra of the inner wall 
of the through hole were respectively 100 ^m (Example 15) , 50 
Jim (Example 16) and 12 0 |Jm (Comparative Example 11) , with L/l 
being set to 409.8, were manufactured. 

Each of the honeycomb filters manufactured in Examples 
1 to 16 and Comparative Examples 1 to 11 was installed in the 
casing of the exhaust gas purifying device as shown in Fig. 4, 
and subjected to evaluation tests in which collecting process 
of particulates and regenerating processes were carried out 
repeatedly 100 times , and each of the resulting honeycomb filters 
was then taken out and cut. With respect to the cut face of 
each of the honeycomb filters, the regenerating state of 
particulates was visually observed , and the ratio of accumulated 
amounts of ashes (B/A) between the accumulated amount of ashes 
(A) in the vicinity of the end on the exhaust gas outlet side 
(point of 1/3 from the outlet side in the center of the filter) 
and the accumulated amount of ashes (B) in the vicinity of the 
end on the exhaust gas inlet side (point of 1/3 from the inlet 
side in the center of the filter) was measured. Here, the 
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accumulated amount was measured by measuring the thickness of 
ashes. In the case where residual particulates remained, the 
measurements were carried out after those residual particulates 
had been burned in an electric furnace. 

Here, in the above-mentioned regenerating process, by 
using the pump placed in the vicinity of the end on the exhaust 
gas inlet side of the casing, air (oxygen concentration: 21%) 
is flown through the honeycomb filter at a flow-in rate of 0.8 
m/sec . 

The results thereof are shown in the following Table 1. 
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Table 1 





1 

(nun) 


L 
(mm) 


L/l 


S 

(mm 2 ) 


L/S 
(mm -1 ) 


Ra 
(Jim) 


Presence 
/absence 
or 

catalyst 


Presence 
/absence 
of 

particu- 
lates 


Accumu- 
lated 

amount 
ratio 

of 
ashes 


Example 1 


2 .39 


300 


125.5 


5.71 


52.52 


100 


No 


No 


0.04 


Example 2 


2.39 


300 


125.5 


5.71 


52.52 


50 


NO 


No 


0.05 


Example 3 


2.39 


500 


209.2 


5.71 


87.53 


100 


No 


No 


0. 06 


Example 4 


2.39 


500 


209.2 


5.71 


87.53 


50 


No 


No 


0.08 


Example 5 


1.49 


100 


67. 1 


2 .22 


45. 04 


100 


No 


No 


0.03 


Example 6 


1.49 


100 


67.1 


2.22 


45.04 


50 


No 


No 


0.04 


Example 7 


1.49 


300 


201 .3 


2.22 


135. 13 


100 


No 


No 


0.06 


Example 8 


1 .49 


300 


201.3 


2.22 


135.13 


50 


No 


No 


0.08 


Example 9 


1.49 


500 


335.6 


2 .22 


225.22 


100 


No 


No 


0. 07 


Example 10 


1.49 


500 


335. 6 


2.22 


225.22 


50 


No 


No 


0. 08 


Example 11 


1.22 


100 


82.0 


1 . 49 


67. 19 


100 


No 


No 


0.06 


Example 12 


1 .22 


100 


82.0 


1 . 49 


67. 19 


50 


No 


No 


0.12 


Example 13 


1.22 


300 


245.9 


1 .49 


201.56 


100 


No 


No 


0.06 


Example 14 


1.22 


300 


245.9 


1 . 49 


201.56 


50 


No 


No 


0.07 


Example 15 


1 .22 


500 


409 . 8 


1 . 49 


335.93 


100 


No 


No 


0.08 


Example 16 


1 .22 


500 


409 . 8 


1 . 49 


335.93 


50 


No 


No 


0.09 


Comparative 
Example 1 


2.39 


300 


125.5 


5.71 


52.52 


120 


No 


No 


0.85 


Comparative 
Example 2 


2.39 


500 


209 .2 


5.71 


87.53 


120 


No 


No 


0.89 


Comparative 
Example 3 


2.39 


100 


41 . 8 


5.71 


17.51 


100 


No 


Yes 


0.22 


Comparative 
Example 4 


2.39 


100 


41 . 8 


5.71 


17.51 


50 


No 


Yes 


0.26 


Comparative 
Example 5 


2.39 


100 


41 . 8 


5.71 


17.51 


120 


No 


Yes 


0.81 


Comparative 
Example 6 


1 . 49 


100 


67.1 


2.22 


45.04 


120 


No 


No 


0.88 


Comparative 
Example 7 


1 . 49 


300 


201 .3 


2 .22 


135.13 


120 


No 


No 


0.89 


Comparative 
Example 8 


1 . 49 


500 


335 . 6 


2.22 


225.22 


120 


No 


No 


0 . 94 


Comparative 
Example 9 


1 .22 


100 


82.0 1 


1 .49 


67.19 


120 


No 


No 


0.90 


Comparative 
Example 10 


1.22 


300 


245 .9 


1 .49 


201 .56 


120 


No 


No 


0.92 


Comparative 
Example 11 


1 .22 


500 


409 .8 


1 . 49 


335.93 


120 


No 


No 


0.94 
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As shown in Table 1, in the honeycomb filters relating 
to Examples 1 to 16, hardly any particulates were accumulated 
on the partition wall, and with respect to the ashes, almost 
all of them were separated from the partition wall and moved 
toward the exhaust gas outlet side. 

Here, Fig. 8(a) is a cross-sectional photograph taken by 
cutting a honeycomb filter relating to Example 1 that has been- 
subjected to the evaluation test in the direction parallel to 
the length direction of the porous ceramic member; and Fig. 8 (b) 
shows partially enlarged photographs on the exhaust gas inlet 
side, in the center portion and on the exhaust gas outlet side 
of the cross-sectional photographs taken by cutting a porous 
ceramic member of a honeycomb filter relating to Example 1 in 
a direction perpendicular to the length direction of the porous 
ceramic member. 

As shown in Figs. 8(a) and 8(b) , in the honeycomb filter 
relating to Example 1, it was visually confirmed that hardly 
any particulates were accumulated on the partition wall, while 
ashes were accumulated on the exhaust gas outlet side of the 
through hole. 

In the honeycomb filters relating to Examples 2 to 16 also , 
the almost same state was confirmed. 

In contrast, in the honeycomb filters relating to 
Comparative Examples 1 and 2, and Comparative Examples 6 to 11, 
although hardly any particulates were accumulated on the 
partition wall , ashes remained on the partition wall in an almost 
even state. Moreover, in the honeycomb filters relating to 
Comparative Examples 3 and 4 , many particulates were left on 
the partition wall without having been burned completely ; however , 
when confirmed after the particulates had been burned, most of 
ashes were separated from the partition wall, and moved toward 
the exhaust gas outlet side of the through hole. Moreover, in 
the case of the honeycomb filter relating to Comparative Example 
5, many particulates were left on the partition wall without 
having been burned, and the ashes remained on the partition wall 
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in an almost even state . 

Here, Fig. 9(a) is a cross-sectional photograph that shows 
a cross-section of the honeycomb filter relating to Comparative 
Example 1, taken in parallel with the length direction of the 
porous ceramic member, Fig. 9(b) shows partially enlarged 
cross-sectional photographs that show cross-sections of the 
honeycomb filter of Fig. 9(a) on the exhaust gas inlet side, 
in the center portion and on the exhaust gas outlet side, and 
Fig. 9(c) shows partially enlarged cross-sectional photographs 
perpendicular to the length direction of the porous ceramic 
member that show cross-sections of the honeycomb filter relating 
to Comparative Example 1 on the exhaust gas inlet side, in the 
center portion and on the exhaust gas outlet side. 

As shown in Figs. 9(a) to 9(c) , in the honeycomb filter 
relating to Comparative Example 1, it was visually confirmed 
that, although hardly any particulates were accumulated on the 
partition wall, ashes were accumulated on the entire face of 
the partition wall in an almost even state. 

In the honeycomb filters relating to Comparative Examples 
2, 6 to 11 also, the almost same state was confirmed. 

As clearly indicated by the results shown in Table 1, in 
the case where the length 1 of the longest side of the through 
hole of the honeycomb filter and the length L of the porous ceramic 
member are located in a range of 60 < L/l < 500, while the area 
S of the through hole of the honeycomb filter and the length 
L of the porous ceramic member are located in a range of 20 < 
L/S <, 400, it is possible to burn and remove particulates 
accumulated on the partition wall almost completely, and in the 
case where the surface roughness Ra of the inner walls of the 
through hole satisfies Ra < 100 urn, it becomes possible to easily 
separate the residual ashes on the partition wall, and 
conseguently to easily move the ashes inside the through hole 
by utilizing gases that are flown through the through hole in 
the regenerating process of the honeycomb filter. 



57 



(Examples 17 and 18, and Comparative Example 12) 

The honeycomb filter relating to Example 1 was placed in 
the casing of the exhaust gas purifying device as shown in Fig. 
4 by using the method as explained in the detailed description 
of the invention so that an exhaust gas purifying device was 
manufactured. In the vicinity of the end of the casing on the 
exhaust gas inlet side of the exhaust gas purifying device, a 
pump, which enables air (oxygen concentration: 21%) to flow into 
the honeycomb filter at a desired flow-in rate in the regenerating 
process of the honeycomb filter, and a back pressure sensor, 
which measures a pressure loss in the honeycomb filter, were 
installed. 

Here, in the regenerating process of the honeycomb filter, 
values of the flow-in rate of air to be flown into the honeycomb 
filter were respectively set to 0.3 m/sec (Example 17) , l.Om/sec 
(Example 18) and 0.2 m/sec (Comparative Example 12). 

(Examples 19 and 20, and Comparative Example 13) 

The same processes as Examples 17 and 18, and Comparative 
Example 12 were carried out except that the honeycomb filter 
relating to Example 2 was used so that an exhaust gas purifying 
device was manufactured. 

Here, in the regenerating process of the honeycomb filter, 
values of the flow-in rate of air to be flown into the honeycomb 
filter were respectively set to 0.3 m/sec (Example 19), l.Om/sec 
(Example 20) and 0.2 m/sec (Comparative Example 13). 

(Comparative Examples 14 and 15) 

The same processes as Examples 17 and 18, and Comparative 
Example 12 were carried out except that the honeycomb filter 
relating to Comparative Example 1 was used so that an exhaust 
gas purifying device was manufactured. 

Here, in the regenerating process of the honeycomb filter, 
values of the flow-in rate of air to be flown into the honeycomb 
filter were respectively set to 0 . 3 m/sec (Comparative Example 
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14) and 1.0 m/sec (Comparative Example 15). 

(Comparative Examples 16 and 17) 

The same processes as Examples 17 and 18, and Comparative 
Example 12 were carried out except that the honeycomb filter 
relating to Comparative Example 3 was used so that an exhaust 
gas purifying device was manufactured. 

Here , in the regenerating process of the honeycomb filter , 
values of the f low-in rate of air to be flown into the honeycomb 
filter were respectively set to 0 . 3 m/sec (Comparative Example 
16) and 1.0 m/sec (Comparative Example 17). 

(Examples 21 to 24) 

The same processes as Examples 17 to 20 were carried out 
except that in the regenerating process of the honeycomb filter, 
the gas to be flown into the honeycomb filter was changed to 
an oxygen-nitrogen mixed gas having an oxygen concentration of 
6%. 

(Comparative Examples 18 to 21) 

The same processes as Examples 17 to 20 were carried out 
except that in the regenerating process of the honeycomb filter, 
the gas to be flown into the honeycomb filter is changed to an 
oxygen-nitrogen mixed gas having an oxygen concentration of 4% . 

Each of the exhaust gas purifying devices manufactured 
in Examples 17 to 2 4 and Comparative Examples 12 to 21 was installed 
in an exhaust gas passage of an engine , and subj ected to evaluation 
tests in which collecting processes of particulates and 
regenerating processes of the honeycomb filter were carried out 
repeatedly 100 times, so that the pressure loss in the initial 
stage (hereinafter, referred to as the initial pressure loss) 
of each honeycomb filter after each of the regenerating processes 
was measured. Moreover, after the evaluation tests, each of 
the honeycomb filters that had been used in each of the exhaust 
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gas purifying devices was then taken out and cut; thus , the ratio 
of accumulated amounts of ashes (B/A) between the accumulated 
amount of ashes (A) in the vicinity of the end on the exhaust 
gas outlet side and the accumulated amount of ashes (B) in the 
vicinity of the end on the exhaust gas inlet side was measured. 
Here, the accumulated amount was measured by measuring the 
thickness of ashes. 

The results thereof are shown in the following Table 2 
and Fig. 10. 



"1 

g 73 

r2 ft 

73 ii 

^ CD 


comparative 
Example 20 


comparative 
Example 19 


comparative 
Example 18 


comparative 
Example 17 


ID ft 
1— 1 

LT Qj 

- ® s 

* - < 


comparative 
Example 15 


comparative 
Example 14 


§1 

73 ^ 
< . l" 1 

- ■ " 


5 s?s 

§1 
IT ft 

* - < 


Example 24 


Example 23 


Example 22 


[ Example 21 


Example 20 


Example 19 


Example 18 


Example 17 




Example 2 


Example 2 


Example 1 


Example 1 


Comparative 
Example 3 


Comparative 
Example 3 


Comparative 
Example 1 


Comparative 
Example 1 


Example 2 


Example 1 
^ . — i 


Example 2 


Example 2 


Example 1 


Example 1 


Example 2 


Example 2 


Example 1 


Example 1 


Filter 










NO 


NO 
h-» 


NO 
I—* 


NO 


i- 1 


NO 
h- » 






<x» 


a\ 


NO 


NO 


NO 


NO 
I— 1 


Oxygen concentration 
of flow-in gas 
(%) 


»-» 
o 


O 
CO 


O 


O 
CO 


h-» 
o 


O 

CO 


*-» 
O 


o 

CO 


o 


O 
NO 


o 


o 

co 


o 


o 
co 


m 
o 


o 

CO 


o 


O 
CO 


Flow-in rate 
(m/sec) 


0.51 


0.45 


0.41 


0.32 


0.45 


0.55 


0.75 


0.85 


0.75 


0.79 


0.13 


0.15 1 


0.10 


0.12 


0.04 


0.09 


0.03 


0.08 


Accumulated amount 
ratio of ashes 



cr 
i— * 

<D 
NO 



o 



61 



As shown in Table 2 , in the honeycomb filters of the exhaust 
gas purifying devices relating to Examples 17 to 24, ashes were 
accumulated on the exhaust gas outlet side of the through hole, 
with hardly any ashes being left on the partition wall on the 
exhaust gas inlet side and center portion of the through hole. 

In contrast, in the honeycomb filters of the exhaust gas 
purifying devices relating to Comparative Examples 12 to 15, 
ashes are left on the partition wall in an almost even state. 

Moreover, Fig. 10 shows a graph that indicates the 
relationship between: the number of regenerating processes of 
each of the honeycomb filters relating to Example 17 and 
Comparative Example 12; and the initial pressure loss in each 
of the honeycomb filters after the regenerating processes. 

As shown in Fig. 10, in the case of the honeycomb filter 
relating to Example 17 , the initial pressure loss after the first 
regenerating process is 4 kPa, and the initial pressure loss 
gradually increases in the quadric curve; thus, the initial 
pressure loss after the 100 th regenerating process shows 9 kPa; 
thus , it is possible to maintain a low level in the initial pressure 
loss for a long time. 

Here, with respect to the relationship between the number 
of regenerating processes and the initial pressure loss of each 
of the honeycomb filters relating to Examples 18 to 24 , the almost 
same relationship as that of Example 17 was obtained. 

Therefore, in the exhaust gas purifying devices relating 
to Examples 17 to 24, it is possible to maintain a wide 
filtering-permissible area in the honeycomb filter even after 
the above-mentioned evaluation tests; thus, it becomes possible 
to prevent the initial pressure loss of the honeycomb filter 
from becoming too high after the regenerating processes, and 
consequently to continuously use the filter even after the 
above-mentioned evaluation tests . 

In contrast, in the case of the honeycomb filter relating 
to Comparative Example 12, although the initial pressure loss 
after the first regenerating process is 4 kPa , the initial 
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pressure loss increases linearly in a comparatively steep manner ; 
thus, the initial pressure loss after the 100 th regenerating 
process shows 16 kPa; consequently, the initial pressure loss 
easily becomes higher. 
5 Here, with respect to the relationship between the number 

of regenerating processes and the initial pressure loss of each 
of the honeycomb filters relating to Comparative Examples 13 
to 15 , the almost same relationship as that of Comparative Example 
12 was obtained. 

10 Therefore, in the case of the exhaust gas purifying devices 

relating to Comparative Examples 12 to 15, clogging occurs in 
the partition wall of the honeycomb filter due to ashes after 
the above-mentioned evaluation tests to cause a high initial 
pressure loss in the honeycomb filter; consequently, the 

15 honeycomb filter needs to be washed through water-washing or 
the like after the evaluation tests, making it impossible to 
use the filter continuously. 

Moreover, in the case of the honeycomb filter of each of 
the exhaust gas purifying devices relating to Comparative 

20 Examples 16 and 17, although a portion of ashed is accumulated 
on the exhaust gas outlet side of the through hole, ashes are 
left on the partition wall on the exhaust gas inlet side and 
the center portion of the through hole together with many 
particulates to easily make the initial pressure loss after the 

25 regenerating process higher; thus, the 

particulate-regenerating process needs to be carried out more 
frequently in comparison with the exhaust gas purifying devices 
relating to Examples 17 to 20. Moreover, although the exhaust 
gas purifying devices relating to Comparative Examples 16 and 

30 17 require no washing process of the honeycomb filter through 
water-washing or the like immediately after the evaluation test , 
these devices require the washing process in a shorter period 
of time in comparison with the exhaust gas purifying devices 
relating to Examples 17 to 24. 

35 Moreover, in the honeycomb filter of each of the exhaust 
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gas purifying devices relating to Comparative Examples 18 to 
21, the particulates are insufficiently burned to remain, 
resulting in a higher accumulated amount of ashes. 

As clearly indicated by the results shown in Table 2, in 
the regenerating process of the honeycomb filter in the exhaust 
gas purifying device using the honeycomb filter of the present 
invention, by setting the flow-in. rate of gases to flow into 
the honeycomb filter to 0 . 3 m/sec or more, it becomes possible 
to move residual ashes on the partition wall toward the exhaust 
gas outlet side of the through hole, to maintain a wide 
filtering-permissible area in the partition wall, and 
consequently to use the honeycomb filter continuously for a long 
time . 

Moreover, in the case where, for example, the flow-in rate 
of gases to flow into the honeycomb filter is set to 0 . 3 m/sec 
or more in the regenerating process of the honeycomb filter, 
it is not possible to move residual ashes on the partition wall 
toward the exhaust gas outlet side of the through hole, without 
using the honeycomb filter of the present invention ; consequently, 
it is not possible to use the filter for a long time. 

Moreover, when the oxygen concentration of gases to be 
flown into the honeycomb filter is low, the particulates are 
not sufficiently burned to remain thereon ; thus , the accumulated 
amount of ashes becomes higher. 

(Examples 25 and 26, and Reference Example 1) 

(1) Powder of a-type silicon carbide having an average 
particle size of 5 Jim ( 60% by weight ) and powder of f-type silicon 
carbide having an average particle size of 0.5 [im (40% by weight) 
were wet-mixed, and to 100 parts by weight of the resulting mixture 
were added and kneaded 5 parts by. weight of an organic binder 

(methyl cellulose) and 10 parts by weight of water to obtain 
a material paste. Next, after a slight amount of a plasticizer 
and a lubricant had been added to the material paste and this 
had been further kneaded, the resulting material paste was 
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extrusion- formed by using a die which has 0.1 in the surface 
roughness Ra of wall faces of thin pores directly made in contact 
with the material paste so that a raw formed body in which multiple 
of through holes were arranged in paralled with one another in 
the length direction with partition wall interposed therebetween 
was manufactured. 

Next, after the above-mentioned raw formed body had been 
dried by using a microwave drier, predetermined through holes 
were filled with a paste having the same composition as the raw 
formed body, and this was again dried by using a drier. 

Next, the raw formed body was subjected to a degreasing 
process at 400°C, and sintered at 2200°C for 3 hours, with argon 
gas being flown through all the through holes of the raw formed 
body at a flow-in rate of 15 m/sec (Example 25) , 12 m/sec (Example 
26) or 5 m/sec (Reference Example 1) respectively. Thus, as 
shown in Fig. 3, porous ceramic members, each of which was made 
of a silicon carbide sintered body, and had a size of 34.4 mm 
x 34.4 mm x 300 mm, the number of through holes of 144, a length 
of the longest side 1 of 2.39, an area S of the through hole 
in the cross section perpendicular to the length direction of 
5.71 mm 2 , a length L in the length direction of 300 mm and a 
thickness of the wall portion of 0.44 mm, were prepared. 

(2) Next, a number of the porous ceramic members were 
combined with one another by using a heat-resistant adhesive 
containing inorganic fibers such as ceramic fibers and the like 
and inorganic particles such as silicon carbide and the like, 
and then cut by using a diamond cutter; thus, a cylinder-shaped 
ceramic block having a diameter of 165 mm and a length of 300 
mm, as shown in Fig. 2, was obtained. 

Next, a sealing material layer was formed on the 
circumference of the ceramic block by using the heat resistant 
adhesive so that a cylinder-shaped honeycomb filter as shown 
in Fig. 2 was manufactured. 

According to JIS B 0601, values of the surface roughness 
Ra of the inner wall of the through hole of the honeycomb filters 
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thus manufactured were respectively 10 (Example 25) , 1 pm 
(Example 26) and 0.5 Jim (Reference Example 1) with L/l and L/S 
being respectively set to 125.5 and 21.97. 

(Examples 27 and 28, and Comparative Example 22) 

(1) Powder of a- type silicon carbide having an average 
particle size of 5 urn ( 60% by weight) and powder of 0-type silicon 
carbide having an average particle size of 0 . 5 pm (40% by weight) 
were wet-mixed , and to 1 00 parts by weight of the resultingmixture 
were added and kneaded 5 parts by weight of an organic binder 
(methyl cellulose) and 10 parts by weight of water to obtain 
a material paste. Next, after a slight amount of a plasticizer 
and a lubricant had been added to the material paste and this 
had been further kneaded, the resulting material paste was 
extrusion-formed by using dies which have different values , that 
is, 100 urn, 50 urn and 120 Urn, in the surface roughness Ra of 
wall faces of thinpores directly made in contact with thematerial 
paste so that three kinds of raw formed bodies which have different 
values in the surface roughness of the inner walls of the openings 
that are formed in paralled with one another in the length 
direction were manufactured. 

Next, the above-mentioned raw formed bodies were dried 
by using a microwave drier , and predetermined through holes were 
then filled with a paste having the same composition as the raw 
formed body, and after these had been again dried by using a 
drier, this was degreased at 400°C, and sintered at 2200°C in 
a normal-pressure argon atmosphere for 3 hours to manufacture 
porous ceramic members, as shown in Fig. 3, each of which was 
made of a silicon carbide sintered body, and had a size of 34.4 
mm x 34.4 mm x 300 mm, the number of through holes of 144, a 
length of the longest side 1 of 2.39, a length L in the length 
direction of 300 mm and a thickness of the partition wall of 
0.44 mm. 

Further, each of the porous ceramic members was immersed 
into hydrofluoric acid (concentration: 0.1%) for 5 minutes so 
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that the surface thereof was modified. 

(2) Al (N0 3 ) 3 was added to 1 , 3-butane diol f and this mixture 
was stirred at 60°C for 5 hours so that a 1 , 3-butane diol solution 
containing 30% by weight of Al (N0 3 ) 3 was prepared. After the 
porous ceramic member had been immersed into this 1, 3-butane 
diol solution, the resulting porous ceramic member was heated 
at 150°C for 2 hours, and then also heated at 400°C for 2 hours, 
and after having been further immersed in water at 80°C for 2 
hours, this was heated at 700°C for 8 hours so that an alumina 
layer was formed on the surface of the porous ceramic member. 

Ce(N0 3 ) 3 was added to ethylene glycol, and this mixture 
was stirred at 90°C for 5 hours so that an ethylene glycol solution 
containing 6% by weight of Ce (N0 3 ) 3 was prepared. After the 
porous ceramic member had been immersed into this ethylene glycol 
solution , the resulting porous ceramic member was heated at 150°C 
for 2 hours , and then also heated at 650°C for 2 hours in a nitrogen 
atmosphere so that an alumina layer containing a rare-earth oxide , 
which was used for supporting a catalyst , was formedon the surface 
of the porous ceramic member. 

A nitric acid solution of dinitro diammine platinum 
( [Pt (NH 3 ) 2 (N0 2 ) 2] HN0 3 ) containing 4.53% by weight of platinum 
was diluted by distilled water, and the porous ceramic member 
having a water-absorbing amount of 28.0 g/L was immersed into 
this solution so that it contained 2 g/L of Pt, and the resulting 
porous ceramic member was then heated at 110°C for 2 hours, and 
further heated in a nitrogen atmosphere at 500°C for 1 hour so 
that a platinum catalyst was supported on the surface of the 
porous ceramic member. 

(3) Next, a number of the porous ceramic members were 
combined with one another by using a heat-resistant adhesive 
containing inorganic fibers such as ceramic fibers and the like 
and inorganic particles such as silicon carbide and the like, 
and this was then cut by using a diamond cutter so that a 
cylinder-shaped ceramic block, shown in Fig. 2, having a diameter 
of 165 mm and a length of 300 mm was formed. 
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Next, a sealing material layer was formed on the 
circumference of the ceramic block by using the heat resistant 
adhesive so that a cylinder-shaped honeycomb filter as shown 
in Fig. 2 was manufactured. 

According to JIS B 0601, values of the surface roughness 
Ra of the inner wall of the through hole of the honeycomb filters 
thus manufactured were respectively 100 (Jm (Example 27) , 50 Urn 
(Example 28) and 120 |Jm (Comparative Example 22) , with L/l being 
set to 125.5. 

(Examples 29 and 30, and Reference Example 2) 

(1) Powder of a-type silicon carbide having an average 
particle size of 5 fim ( 60% by weight) and powder of £-type silicon 
carbide having an average particle size of 0 . 5 |Jm (40% by weight) 
were wet-mixed, and to 100 parts by weight of the resultingmixture 
were added and kneaded 5 parts by weight of an organic binder 
(methyl cellulose) and 10 parts by weight of water to obtain 
a material paste. Next, after a slight amount of a plasticizer 
and a lubricant had been added to the material paste and this 
had been further kneaded, the resulting material paste was 
extrusion-formed by using a die which has 0.1 [lm in the surface 
roughness Ra of wall faces of thin pores directly made in contact 
with the material paste so that a raw formed body in which multiple 
of through holes were arranged in paralled with one another in 
the length direction with partition wall interposed therebetween 
was manufactured. 

Next, after the above-mentioned raw formed body had been 
dried by using a microwave drier, predetermined through holes 
were filled with a paste having the same composition as the raw 
formed body, and this was again dried by using a drier. 

Next, the raw formed body was subjected to a degreasing 
process at 400°C in a manner so as to allow argon gas to flow 
through all the through holes of the raw formed body at a flow-in 
rate of 15 m/sec (Example 29) , 12 m/sec (Example 30) or 5 m/sec 
(Reference Example 2) . 
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Successively, the raw formed body was subjected to a 
sintering process at 2200°C for 3 hours in a manner so as to 
allow hydrogen gas to flow through all the through holes of the 
raw formed body at a flow-in rate of 15 m/sec (Example 29) , 12 
m/sec (Example 30) or 5 m/sec (Reference Example 2) . 

Consequently, as shown in Fig. 3, porous ceramic members , 
each of which was made of a silicon carbide sintered body, and 
had a size of 34 . 4 mm x 34 . 4 mm x 300 mm, the number of through 
holes of 144, a length of the longest side 1 of 2.39, an area 
S of the through hole in the cross section perpendicular to the 
length direction of 5.71 mm 2 , a length L in the length direction 
of 300 mm and a thickness of the wall portion of 0.44 mm, were 
prepared. 

Further, each of the porous ceramic members was immersed 
into hydrofluoric acid (concentration: 0.1%) for 5 minutes so 
that the nature of the surface thereof was modified. 

(2 ) Al (N0 3 ) 3 was- added to 1 , 3-butane diol , and this mixture 
was stirred at 60°C for 5 hours so that a 1 , 3-butane diol solution 
containing 30% by weight of A1(N0 3 ) 3 was prepared. After the 
porous ceramic member had been immersed into this 1, 3-butane 
diol solution, the resulting porous ceramic member was heated 
at 150°C for 2 hours, and then also heated at 400°C for 2 hours, 
and after having been further immersed in water at 80°C for 2 
hours, this was heated at 700°C for 8 hours so that an alumina 
layer was formed on the surface of the porous ceramic member. 

Ce(N0 3 ) 3 was added to ethylene glycol, and this mixture 
was stirred at 90°C for 5 hours so that an ethylene glycol solution 
containing 6% by weight of Ce(N0 3 ) 3 was prepared. After the 
porous ceramic member had been immersed into this ethylene glycol 
solution , the resulting porous ceramic member was heated at 150°C 
for 2 hours , and then also heated at 650°C for 2 hours in a nitrogen 
atmosphere so that an alumina layer containing a rare-earth oxide , 
which was used for supporting a catalyst , was formed on the surface 
of the porous ceramic member. 

A nitric acid solution of dinitro diammine platinum 
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( [Pt (NH3) 2 (NO2) 2 ] HNO3) containing 4.53% by weight of platinum 
was diluted by distilled water, and the porous ceramic member 
having a water-absorbing amount of 28.0 g/L was immersed into 
this solution so that it contained 2 g/L of Pt, and the resulting 
porous ceramic member was then heated at 110°C for 2 hours, and 
further heated in a nitrogen atmosphere at 500°C for 1 hour so 
that a platinum catalyst was supported on the surface of the 
porous ceramic member. 

(3) The same processes as (2) of Examples 25 and 26, and 
Reference Example 1, were carried out so that a cylinder-shaped 
honeycomb filter was manufactured. 

According to JIS B 0601, values of the surface roughness 
Ra of the inner wall of the through hole of the honeycomb filters 
thus manufactured were respectively 10 |Jm (Example 29) , 1 \im 
(Example 30) and 0 . 5 |Jm (Reference Example 2) with L/l and L/S 
being respectively set to 125.5 and 21.97. 

(Examples 31 to 72, Reference Examples 3 to 16, and Comparative 
Examples 23 to 50) 

The same processes as those of Examples 1, 2 and 25 to 
30, Comparative Example 1 and Reference Examples 1 and 2 were 
carried out, except that, upon manufacturing the porous ceramic 
members, the longest side 1 of the through hole and the area 
S of the through hole on the cross section perpendicular to the 
length direction were adjusted, while the length L in the length 
direction was adjusted, by adjusting the number of the through 
holes and the size of each through hole, as shown in Tables 3 
to 6, so that honeycomb filters having a cylinder shape were 
manufactured . 

Each of the honeycomb filters manufactured in Examples 
25 to 72, Reference Examples 1 to 16 and Comparative Examples 
22 to 50 was placed in a casing of an exhaust gas purifying device 
as shown in Fig . 4 , and after having been subj ected to evaluation 
tests in which particulate collecting and regenerating processes 



70 



were repeated 100 times, each of the honeycomb filters was taken 
out and cut . With respect to the cut face of each of the honeycomb 
filters, the regenerating state of particulates was visually 
observed, and the ratio of accumulated amounts of ashes (B/A) 
between the accumulated amount of ashes (A) in the vicinity of 
the end on the exhaust gas outlet side and the accumulated amount 
of ashes (B) in the vicinity of the end on the exhaust gas inlet 
side was measured. Here, the accumulated amount was measured 
by measuring the thickness of ashes. 

Here, in the above-mentioned regenerating process, by 
using the pump placed in the vicinity of the end on the exhaust 
gas inlet side of the casing, air (oxygen concentration: 21%) 
is flown through the honeycomb filter at a flow-in rate of 0.8 
m/sec . 

The results of the tests are shown in Tables 3 to 6 . 
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As shown in Tables 3 and 4 , in the honeycomb filters relating 
to Examples 25 to 72, hardly any particulates were accumulated 
on the partition wall, and with respect to the ashes, almost 
all of them were separated from the partition wall and moved 
toward the exhaust gas outlet side. 

In contrast, as shown in Table 5, in the honeycomb filters 
relating to Reference Examples 1 to 16, although hardly any 
particulates were accumulated on the partition wall, ashes 
remained on the partition wall on the exhaust gas inlet side 
of the through hole. 

Moreover, as shown in Table 6, in the honeycomb filters 
relating to Comparative Examples 2 4 to 44, many particulates 
were left on the partition wall without having been burned 
completely., and ashes remained on the partition wall on the 
exhaust gas inlet side of the through hole. 

As clearly indicated by the results shown in Table 3 to 
6, in the case where the longest side 1 of the through hole of 
the honeycomb filter and the length L of the porous ceramic member 
are set within a range of 60 < L/l < 500, with the area S of 
the through hole of the honeycomb filter and the length L of 
the porous ceramic member being set within a range of 20 < L/S 
< 400, it is possible to burn and remove the particulates 
accumulated on the partition wall almost completely through the 
regenerating- process of the honeycomb filter, and when the 
surface roughness Ra on the inner wall of the through hole is 
also set in a range of 1 to 10 M™, residual ashes accumulated 
on the partition wall are allowed to easily come off, and in 
the regenerating process, it becomes possible to easily move 
ashes through the through hole by using gases that are flown 
into the through hole. 

(Examples 73 to 88, Reference Examples 17 to 20, and Comparative 
Examples 51 to 66) 

Each of the honeycomb filters relating to Examples 25, 
26, 29, 30, Reference Examples 1 and 2 , and Comparative Examples 
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25 and 31 was placed in the casing of the exhaust gas purifying 
device as shown in Fig. 4 by using the method as explained in 
the detailed description of the invention so that. an exhaust 
gas purifying device was manufactured. In the vicinity of the 
end of the casing on the exhaust gas inlet side of the exhaust 
gas purifying device, a pump, which enables air (oxygen 
concentration: 21%) , an oxygen-nitrogen mixed gas having an 
oxygen concentration of 6% or an oxygen-nitrogen mixed gas having 
an oxygen concentration of 4% to flow into the honeycomb filter 
at a desired flow-in rate in the regenerating process of the 
honeycomb filter, and a back pressure sensor, which measures 
a pressure loss in the honeycomb filter, were installed. 

Here, as shown in Table 7, in the regenerating process 
of the honeycomb filter, air (oxygen concentration: 21%), an 
oxygen-nitrogen mixed gas having an oxygen concentration of 6% 
or an oxygen-nitrogen mixed gas having an oxygen concentration 
of 4% was flown into the honeycomb filter, and the flow-in rates 
thereof were respectively set to 0 . 3 m/sec, 1.0 m/sec and 0.2 
m/sec . 

Each of the exhaust gas purifying devices manufactured 
in Examples 73 to 88 , Reference Examples 17 to 20 and Comparative 
Examples 51 to 66 was installed in an exhaust gas passage of 
an engine, and subjected to evaluation tests in which collecting 
processes of particulates and regenerating processes of 
honeycomb filters were carried out repeatedly 100 times , so that 
the pressure loss in the initial stage of each honeycomb filter 
after each of the regenerating processes was measured. Moreover, 
after the evaluation tests, each of the honeycomb filters that 
had been used in each of the exhaust gas purifying devices was 
then taken out and cut; thus, the ratio of accumulated amounts 
of ashes (B/A) between the accumulated amount of ashes (A) in 
the vicinity of the end on the exhaust gas outlet side and the 
accumulated amount of ashes (B) in the vicinity of the end on 
the exhaust gas inlet side was measured. Here, the accumulated 
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amount was measured by measuring the thickness of ashes. 
The results thereof are shown in Table 7. 
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Table 7 





Filter 


Oxvopn rnnrpnf rati An 

of flow-in gas (%) 


: : 

Flow— in irate 

(m/sec) 


Accumulated amount 
ratio of ashes 


Example 73 


Example 25 


21 


0.3 


0 . 10 


Example 74 


Example 25 


21 


1 . 0 


0 . 04 


Example 75 


Example 26 


21 


0. 3 


0 . 18 


Example 7 6 


Example 2 6 


21 


1.0 


0. 10 


Example 77 


Example 29 


21 


0.3 


0 . 09 


Example 78 


[ Example 29 


21 


1.P 


0.03 


Example 79 


Example 30 


21 


0 . 3 


0 . 15 


Example 80 


Example 30 


21 


1.0 


0.09 


Example 81 


Example 25 


6 


0 . 3 


n i ^ 

U . 1 J 


Example 82 


Example 2 5 


6 


1.0 


0. 08 


Example 83 


Example 26 


6 


0 . 3 




Example 84 


Example 2 6 


6 


1.0 


0.18 


Example 85 


Example 29 


6 




u . io 


Example 86 


Example 29 


6 


1.0 


0.06 


Example 87 


Example 30 


g 


u . J 


n on 
U . ZO 


Example 88 


Example 30 


6 


1.0 


0. 18 


Ppf prpnpp 

Example 17 


Example 1 


21 


0.3 


0.28 


Example 18 


Example 1 


21 


1.0 


0.19 


I\C J. CI. CilLiC 

Example 19 


Example 2 


21 


0.3 


0.25 


I\w ^ W ^ Cil Vw w 

Example 20 


I? *a ^ DronpQ 
i\fci I Cl CI1L.C 

Example 2 


21 


1.0 


0. 18 


v«uuipa JL Cl LI V c 

Example 51 


Example 2 5 


21 


0.2 


0.77 


Example 52 


Example 26 


21 


0.2 


0.79 


i LJ d x. a Live 

Example 53 


Example 29 


21 


0.2 


0.74 


i^FYlT^ 25 V* a ^ A 1 T i^k 

^Ullipai dLXVc 

Example 54 


Example 30 


21 


0.2 


0.76 


Compa rative 
Example 55 


Comparative 
Example 25 


21 


0.3 v 


0.35 


*_tJIULJdX d E. X Vc 

Example 56 


Comparative 
Example 25 


21 


1 .0 


0.28 


C** ATTrtT^ >~ r^i 4 x r 

^vjinpdxaLlVc 

Example 57 


Comparative 
Example 31 


21 


0.3 


0.33 


Example 58 


Comparative 
Example 31 


21 


1.0 


0.27 


f ^ m Y"\ V A 4 * 

^umpara u lve 

Example 59 


Example 25 


4 


0.3 


0.38 


Comparative 
Example 60 


Example 2 5 


4 


1 . 0 


0. 42 


Comparative 
Example 61 


Example 26 


4 


0.3 


0.48 


Comparative 
Example 62 


Example 26 


4 


1 .0 


0. 52 


Comparative 
Example 63 


Example 29 


4 


0.3 


0.35 


Comparative 
Example 64 


Example 29 


4 


1.0 


0.40 


Comparative 
Example 65 


Example 30 


4 


0.3 


0.45 


Comparative 
Example 66 


Example 30 


4 


1.0 


0.50 
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As shown in Table 7 , in the honeycomb filters of the exhaust 
gas purifying devices relating to Examples 73 to 88 , hardly any 
ashes were accumulated on the partition wall on the exhaust gas 
inlet side and the center portion of the through hole, while 
some ashes were accumulated on the exhaust gas outlet side of 
the through hole. Moreover, in the honeycomb filters relating 
to Examples 73 to 88, the relationship between- the number of 
regenerating processes of the honeycomb filter and the initial 
pressure loss was almost the same as that of Example 17, and 
as shown in Fig. 10 , the initial pressure loss increases gradually 
in the quadric curve, each time the regenerating process is 
repeated, so that it is possible to maintain a low level in the 
initial pressure loss for a long time. 

Therefore, in the exhaust gas purifying devices relating 
to Examples 73 to 88, it is possible to maintain a wide 
filtering-permissible area in the honeycomb filter even after 
the above-mentioned evaluation tests; thus, it becomes possible 
to prevent the initial pressure loss of the honeycomb filter 
from becoming too high after the regenerating processes, and 
consequently to continuously use the filter even after the 
above-mentioned evaluation tests. 

In contrast, in the case of the honeycomb filters relating 
to Examples 17 to 20, the ashes remained on the partition wall 
on the exhaust gas inlet side of the through hole. Moreover, 
with respect to the relationship between the number of 
regenerating processes and the initial pressure loss of each 
of the honeycomb filters relating to Examples 17 to 20 , the almost 
same relationship as that of Comparative Example 12 was obtained , 
and as shown in Fig. 10, the initial pressure loss linearly 
increases comparatively abruptly, each time the regenerating 
process is repeated; thus, the initial pressure loss becomes 
higher quickly. 

Therefore , in the case of the exhaust gas purifying devices 
relating to Comparative Examples 17 to 20, clogging occurs in 
the partition wall of the honeycomb filter due to ashes after 
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the above-mentioned evaluation tests to cause a high initial 
pressure loss in the honeycomb filter; consequently, the 
honeycomb filter needs to be washed through water-washing or 
the like after the evaluation tests, making it impossible to 
use the filter continuously. 

In the case of the honeycomb filter of each of the exhaust 
gas purifying devices relating to Comparative Examples 51 to 
66, although a portion of ashes was accumulated on the exhaust 
gas outlet side of the through hole, ashes were left on the 
partition wall on the exhaust gas inlet s ide and the center portion 
of the through hole together with many particulates to easily 
make the initial pressure loss after the regenerating process 
higher; thus, the particulate-regenerating process needs to be 
carried out more frequently in comparison with the exhaust gas 
purifying devices relating to Examples 73 to 88. Moreover, 
although the exhaust gas purifying devices relating to 
Comparative Examples 51 to 66 require no washing process of the 
honeycomb filter through water-washing or the like immediately 
after the evaluation test, these devices require the washing 
process in a shorter period of time in comparison with the exhaust 
gas purifying devices relating to Examples 73 to 88. 

As clearly indicated by the results shown in Table 7, in 
the regenerating process of the honeycomb f ilter in the exhaust 
gas purifying device using the honeycomb filter of the present 
invention, by setting the flow-in rate of gases to flow into 
the honeycomb filter to 0 . 3 m/sec or more, it becomes possible 
to move residual ashes on the partition wall toward the exhaust 
gas outlet side of the through hole, to maintain a wide 
filtering-permissible area in the partition wall, and 
consequently to use the honeycomb filter continuously for a long 
time . 

Moreover, in the case where, for example, the flow-in rate 
of gases to flow into the honeycomb filter is set to 0 . 3 m/sec 
or more in the regenerating process of the honeycomb filter, 
it is not possible to move residual ashes on the partition wall 
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toward the exhaust gas outlet side of the through hole, without 
using the honeycomb filter of the present invention ; consequently , 
it is not possible to use the filter for a long time. 

Moreover, when the oxygen concentration of gases to be 
flown into the honeycomb filter is low, the particulates are 
not sufficiently burned to remain thereon; thus, the accumulated 
amount of ashes becomes higher. 

INDUSTRIAL APPLICABILITY 
The honeycomb filters for purifying exhaust gases 
according to the first and second aspects of the present invention 
are as described above; therefore, in a honeycomb filter 
regenerating process, it is possible to almost completely burn 
and remove particulates accumulated on the wall portion, and, 
also, to allow residual ashes on the wall portion to easily move 
inside the through hole because the ashes can be easily separated 
from the wall portion. 

Moreover, the exhaust gas purifying device of the present 
invention is as described above, which makes it possible to 
maintain a wide filtering-permissible area in the wall portion 
even after continuous particulate collecting and regenerating 
processes of the honeycomb filter; thus, it becomes possible 
to prevent the initial pressure loss of the honeycomb filter 
from becoming too high after the regenerating processes and, 
consequently, to use the honeycomb filter continuously for a 
long time. 



